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Description

[0001] The present invention relates to an antenna for
communicating with a low earth orbit satellite, particu-
larly relates to an antenna for communicating with a low
earth orbit satellite used for an earth station in a satellite
communication system in which plural low earth orbit
(LEOQ) satellites revolve around the earth for automati-
cally tracking each satellite.

[0002] Recently, a scheme that high-speed data at
approximately a few Mbps to a few tens Mbps is pro-
vided to users all over the world using a high-frequency
signal in Ka band (20 to 30 GHz) via plural LEO satel-
lites is formed.

[0003] In such a satellite communication system using
plural LEO satellites, as each satellite goes off a visual
field in relatively short time when viewed from a small-
sized earth station, it is required to be tracked in a large
range.

[0004] Heretofore, for an antenna for tracking a satel-
lite, plural techniques are widely known as the antenna
of an earth station for a geostationary satellite and a
mobile satellite.

[0005] For example, for a method of tracking, a
monopulse tracking method of continuously detecting
whether an antenna tracks a satellite in the center of a
beam or not and controlling so that a direction of a radi-
ation pattern of an antenna is always equal to the direc-
tion of a satellite, a step tracking method of shifting an
antenna at a fixed interval of time by degrees and
adjusting it in a bearing in which a receiving level is
maximum and a program tracking method of changing
the bearing of an antenna based upon the estimated
information of a satellite orbit are known.

[0006] For a method of supporting a mobile antenna,
an AZ-EL mount in which the azimuth and the elevation
of the mobile antenna are shifted and a XY mount which
the mobile antenna is shifted in a direction perpendicu-
lar to a satellite orbital direction are widely known. The
AZ-EL mount is currently the most adopted method, one
axis (the azimuth axis) is arranged perpendicularly to
the ground and the other axis (the elevation axis) is
arranged horizontally. In the XY mount, the x-axis hori-
zontal with the ground is perpendicular to the y-axis and
the y-axis is turned together with the x-axis. The XY
mount is suitable for tracking a LEO satellite which
moves near the zenith at high speed, however, as both
axes are located in high positions from the ground, the
XY mount has a mechanical defect.

[0007] Next, referring to the drawings, the satellite
tracking technique of an antenna of a conventional type
concrete earth station for tracking a satellite will be
described.

[0008] Fig. 11 shows the constitution of a conventional
type antenna of an earth station for tracking a satellite.
Fig. 11 shows an example of a large-sized antenna of
an earth station for tracking a satellite and the main
reflector is Cassegrainian antenna 13 m in diameter.
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The antenna tracks a satellite using a driving mecha-
nism according to the AZ-EL mount, and both the azi-
muth axis and the elevation axis are driven by a
jackscrew driving mechanism. To simplify structure, the
driving mechanism is allowed to continuously drive only
within a range of £10° in the direction of the azimuth
axis and a limited driving method that when an antenna
is required to be directed at a larger angle in another
direction, a set screw is loosened and the antenna is
turned slowly is adopted. For the elevation axis, contin-
uous driving between 0° and 90° is enabled. A primary
feed is attached to the main reflector and is integrally
driven with the main reflector.

[0009] Fig. 12 shows ancther conventional type
antenna of an earth station for tracking a satellite and a
small-sized antenna of an earth station for tracking a
satellite in which miniaturization and lightening are real-
ized though an aperture antenna is used as the above
large-sized antenna is known.

[0010] Fig. 12 shows a parabolic antenna used for a
ship earth station according to International Maritime
Satellite Organization (INMARSAT) standard A, and a
cross dipole and a reflector board are located in the
focus of a reflector with a paraboloid of revolution as a
primary feed. In the antenna, the reflector and the radi-
ator are integrated. To track a satellite, the above para-
bolic antenna is driven using four-axes mounting
obtained by combining the above AZ-EL mount and XY
mount.

[0011] The above technique is described in "Guide to
maritime satellite communication” written by Mr. Toshio
Sato and published on Jul. 25, 1986 by Institute of Elec-
tronics and Communication Engineers of Japan.

[0012] As described above, technique for tracking a
satellite used for the conventional type antenna for sat-
ellite communication can be effectively applied to a case
in which a tracking range is relatively small as a geosta-
tionary satellite, however, the above conventional type
antenna is not suitable for the above antenna for track-
ing and communicating with a LEO satellite for the fol-
lowing reasons:

[0013] That is, in the conventional type antenna for
satellite communication, as the primary feed and the
reflector are integrated and turn an antenna in tracking
a satellite, the antenna to be turned is heavy, a driving
system is also large-sized, high-speed tracking is diffi-
cult and the area of a radome for housing the antenna is
also increased. In a satellite communication system
using LEO satellites, considering that many small-sized
earth stations are installed every home, the size of the
whole antenna is required to be as small-sized as pos-
sible and as light as possible, and miniaturization and
lightening are a large problem.

[0014] Further, as the primary feed and the reflector
are integrated and turn an antenna, a radio frequency
(RF) sending/receiving section including a feeding sys-
tem such as a low noise amplifier and a high-frequency
power amplifier is required to be mounted near the pri-
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mary feed so as to stably feed to the primary feed during
turning. However, in this case, the weight of the antenna
is also increased by the weight of the RF send-
ing/receiving section.

[0015] In this case, it is also conceivable that the RF
sending/receiving section is separated from the reflec-
tor and fixed to maintain stable connection independent
of displacement by turning of the feeding section, a
feeder cable is required to be flexible, a rotary joint and
others are required and there is a problem that an
antenna for satellite communication is complicated and
high-priced.

[0016] An object of the present invention is to provide
an antenna for communicating with a low earth orbit sat-
ellite used for a small-sized earth station for communi-
cating with plural LEO satellites, which is small-sized
and light and can track a LEO satellite at high speed.
[0017] In afirst aspect, the present invention provides
an antenna for use at an earth station for communicat-
ing with a low earth orbit satellite, wherein said antenna
comprises an offset aperture antenna for mechanically
tracking said low earth orbit satellite.

[0018] An antenna for communicating with a low earth
orbit satellite according to the present invention is
based upon an antenna for communicating with a low
earth orbit satellite used on the side of the ground in a
satellite communication system using low earth orbit
satellite and mechanically tracks the above low earth
orbit satellite using an offset aperture antenna. The
above antenna may mechanically track by fixing a pri-
mary feed of the aperture antenna and turning only the
reflector of the antenna based upon an azimuth and an
elevation axis in a direction of a low earth orbit satellite.
[0019] In a second aspect, the present invention pro-
vides an antenna for use at an earth station for commu-
nicating with a low earth orbit satellite, said antenna
comprising:

a reflector having a predetermined paraboloid of
revolution;

an AZ-EL mount connected to said reflector for
tracking said low earth orbit satellite by turning said
reflector about an azimuth axis and an elevation
axis;

a primary feed for feeding a beam on said reflector;
and

a radiator supporting part for supporting said pri-
mary feed so that said primary feed can be fixed
independently of said reflector.

[0020] By virtue of the above, a reflector having a pre-
determined offset paraboloid of revolution, an AZ-EL
mount connected to the reflector for turning the reflector
based upon an azimuth axis and an elevation axis and
tracking a low earth orbit satellite, a primary feed for
radiating predetermined beams to the reflector, a feed-
ing part for feeding to the primary feed and a radiator
supporting part for supporting the primary feed so that
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the primary feed can be fixed independently of the
reflecting feed may be provided.

[0021] The value of the above offset is set so that
antenna gain is maximum at a predetermined minimum
operational elevation.

[0022] The invention also extends to a method of com-
municating with a low earth orbit satellite, comprising
the step of mechanically tracking the satellite with an
offset aperture antenna.

[0023] Preferred features of the present invention will
now be described, purely by way of example only, with
reference to the accompanying drawings, in which:-

Fig. 1 is a block diagram showing the constitution of
an offset parabolic antenna for communicating with
a low earth orbit satellite equivalent to a first
embodiment of the present invention,

Figs. 2A and 2B explain the tracking mechanism of
the offset parabolic antenna shown in Fig. 1;

Figs. 3A and 3B explain the definition of an eleva-
tion axis shown in Figs. 2A and 2B;

Fig. 4 is a schematic drawing showing a LEO satel-
lite;

Fig. 5 shows as a satellite communication system
using a LEO satellite;

Fig. 6 shows a tracking range according to the
present invention;

Fig. 7 shows relationship among propagation loss
between a pair of elevations, antenna gain and the
whole propagation loss;

Fig. 8 is a block diagram showing the constitution of
an offset Cassegrainian antenna for communicating
with a low earth orbit satellite equivalent to a sec-
ond embodiment of the present invention;

Fig. 9 is a block diagram showing the constitution of
an offset Cassegrainian antenna for communicating
with a low earth orbit satellite equivalent to a third
embodiment of the present invention;

Fig. 10 is a block diagram showing the constitution
of an offset Gregorian type antenna for communi-
cating with a low earth orbit satellite equivalent to
the third embodiment of the present invention;

Fig. 11 is an outside drawing showing the antenna
tracking technique of a conventional type large-
sized earth station; and

Fig. 12 is a conceptual drawing showing the
antenna tracking technique of a conventional type
small-sized earth station.

[0024] Next, referring to the drawings, a first embodi-
ment of the present invention will be described in detail.
Fig. 1 is a block diagram showing the constitution of an
antenna for communicating with a low earth orbit satel-
lite equivalent to one embodiment of the present inven-
tion.

[0025] As shown in Fig. 1, an antenna for communi-
cating with a low earth orbit satellite 100 according to
the present invention is composed of a primary feed
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(horn) 1 for sending or receiving a signal in Ka band, an
offset reflector 2 provided with a predetermined parabo-
loid of revolution, an AZ-EL mount 3 connected to the
reflector 2 for turning an azimuth axis and an elevation
axis and tracking a satellite, a feeding part 4 for feeding
to the primary feed 1, a radiator supporting part 5 for fix-
ing the primary feed 1, a, RF sending/receiving part 6
composed of a low noise amplifier and a high-frequency
power amplifier and an antenna supporting part 7 for fix-
ing the whole antenna.

[0026] This antenna uses an offset parabolic antenna
type reflecting antenna and the primary feed 1 is
installed in the focal position of the paraboloid of revolu-
tion forming the reflector 2. The offset quantity of the off-
set parabolic antenna is selected so that antenna gain is
maximum at the minimum operational elevation
described later. The primary feed 1 has constitution
mechanically independent of the reflector 2 with mobile
structure, is attached to the radiator supporting part 5
and fixed.

[0027] In the meantime, the, reflector 2 is constituted
so that it is turned based upon the azimuth axis and the
elevation axis by the AZ-EL mount 3. A signal and oth-
ers from the primary feed 1 are fed to the RF send-
ing/receiving part 6 via the feeding part 4. The AZ-EL
mount 3, the radiator supporting part 5 and the RF
sending/receiving part 6 are mounted on the antenna
supporting part 7.

[0028] Next, the operation of the antenna 100 for com-
municating with a low earth orbit satellite shown in Fig.
1 will be described.

[0029] Figs. 2A and 2B explain the tracking mecha-
nism of this antenna and particularly shows the reflector
2 and the primary feed 1 respectively related to tracking.
Fig. 2A shows the reflector 2 and the primary feed 1
viewed from a front, a full line shows the position of the
reflector 2 at the minimum operational elevation 6y
and a dotted line shows the position of the reflector 2 in
case an elevation is approximately 90°. Fig. 2B shows
the reflector 2 and the primary feed 1 respectively
viewed from the side. As also clear from these draw-
ings, an azimuth axis 9 is turned around a straight line
connecting the center of the reflecting mirror 2 and the
center of the primary feed 1 and the reflector 2 is turned
360° with the azimuth axis 9 in the center. A reference
number 8 denotes the axis of a paraboloid of revolution.
[0030] In the meantime, Figs. 3A and 3B explain an
elevation axis and the elevation axis in these drawings
means an axis which is in contact with a line perpendic-
ular on a paraboloid of revolution to a radial straight line
passing the parboloid of revolution of the offset reflector
2 from an intersection point (the center) of the axis 8 of
the paraboloid of revolution and a paraboloid 9. An
angle varies between the minimum operational eleva-
tion and 90° with the elevation axis in the center.

[0031] The AZ-EL mount 3 drives the reflector 2 so
that the reflector is turned around the azimuth axis 9
and the elevation axis 10 to track a satellite.
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[0032] The primary feed 1 is always fixed in the focal
position of the paraboloid even if the reflector 2 is turned
because the primary feed is fixed by the radiator sup-
port part 5.

[0033] As described above, the satellite communica-
tion antenna according to the present invention turns
the reflector 2 around the azimuth axis and can track a
satellite in the omnibearing. The elevation showing
directivity can be varied by turning the reflector 2 around
the elevation axis and directivity in the direction of the
zenith at which the elevation is 90° can be obtained.
[0034] Next, a required range of tracking angles of the
above antenna for communicating with a low earth orbit
satellite will be described.

[0035] Fig. 4 is an imaginative drawing showing that
multiple LEO satellites are arranged on plural orbital
planes over the earth to cover the whole world. As
shown in Fig. 4, a satellite communication system for
covering the whole world is provided by arranging plural
LEO satellites over the earth so that any satellite can be
seen in any place on the earth.

[0036] A LEO satellite means a satellite on an elliptical
orbit including a circular orbit at the altitude of approxi-
mately 1500 km over the ground or less and assuming
that the orbital period of each satellite is 1000 km at alti-
tude, each satellite turns over the earth in approximately
one hour and forty-five minutes.

[0037] Assuming that the altitude of a satellite is 765
km and the minimum operational elevation is 30°, the
number of satellites to be arranged on the same orbital
plane is 20 and ten orbital planes are required to cover
the whole world. That is, the total number of required
satellites is 200. The number of the required satellites is
determined based upon the altitude and the minimum
operational elevation of satellites and even if satellites
are at the same altitude, the number of required satel-
lites is 98 if the operational elevation is 20° and the
number of required satellites is 45 if the operational ele-
vation is 10°.

[0038] Fig. 5 is a conceptual drawing showing a wide-
band satellite communication system provided using
LEOQ satellites. As shown in Fig. 5, in this system, a low-
speed channel of approximately 64 kbps using muilti-
beams in L band (1.5 to 1.6 GHz) is provided to a small-
sized user such as a portable terminal and high speed
data is provided to a large-sized user such as a ship, an
airplane and a small-scale office using multiple spot
beams in Ka band (generally called a quasi-millimeter
wave band and 20 to 30 GHz) at a small-sized earth sta-
tion.

[0039] The present invention relates to the antenna for
communicating with a low earth orbit satellite used at a
small-sized earth station mainly for the latter user.
[0040] Fig. 6 shows a satellite tracking range in case
a LEO satellite provided with an orbital plane 11 is
viewed from a small-sized earth station 13 on the
ground. As shown in Fig. 6, the minimum operational
elevation 0,y is determined based upon relationship
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between the number of LEO satellites and altitude as
described above and the satellite tracking range 12 is
equivalent to an area shown by an oblique line, that is,
the whole area in the omnibearing from the minimum
operational elevation 0y to the zenith.

[0041] Next, Fig. 7 shows relationship between prop-
agation loss (A) composed of free-space loss based
upon an elevation and loss due to attenuation by rainfall
and the gain of an offset parabolic antenna (B). Fig. 7
also shows the sum of propagation loss (A) and the gain
of the antenna (B), that is, the total propagation loss
(C = A + B) including antenna gain. In Fig. 7, the mini-
mum operational elevation 6y is set to 40°. The quan-
tity of an offset is adjusted so that antenna gain is
maximum at the elevation and propagation loss is calcu-
lated using a sending frequency 30 GHz in Ka band.
[0042] Fig. 7 shows that as a result, the total propaga-
tion loss is the largest at the minimum operational eleva-
tion 40° and as an elevation approaches the zenith, the
total propagation loss decreases.

[0043] The reason is that directional gain in the direc-
tion of the zenith low because it is off from the ideal con-
dition of an offset parabolic reflector, however, in
satellite communication in a microwave band, a millime-
ter wave band and others, antenna gain is required
because a satellite is the farthest, free-space loss is
increased, distance passing a rain-fall area is the long-
est and the quantity of attenuation by rainfall is the most
when an elevation is small, while in the direction of the
zenith, the above attenuation is the least.

[0044] Therefore, problems can be really decreased
by setting a suitable value as the minimum operational
elevation even if an elevation is set to a direction of the
zenith.

[0045] The first embodiment of the present invention
using an offset parabolic antenna is described above,
however, the present invention is not limited to such an
antenna provided with a single reflector.

[0046] That is, for a second embodiment of the
present invention, an offset Cassegrainian antenna pro-
vided with plural reflectors shown in Fig. 8 may be also
used.

[0047] As shown in Fig. 8, a reference number 12
denotes a main reflector having a paraboloid of revolu-
tion and as described above, a predetermined offset is
applied to the main reflector so that the maximum
antenna gain is obtained at the minimum operational
elevation. A reference number 13 denotes a deputy
reflector formed by a hyperboloid of revolution sharing
the focus of a paraboloid of revolution as one focus. As
the other focus of the hyperboloid of revolution is
located in the area of the main reflector 12, a circular
hole 14 for radiating beams from a primary feed 1 is pro-
vided to the main reflector 12. As the other reference
numbers are similar to those shown in Fig. 1, the
description is omitted.

[0048] In this embodiment, as the antenna provided
with plural reflectors is adopted, the structure of the
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antenna is complicated, however, effect that loss in
feeding is reduced, connection to a sending/receiving
part is facilitated and blocking in a tracking range is pre-
vented is produced because the primary feed 1 feeds
from the rear surface of the main reflector 12.

[0049] Further, for a third embodiment of the present
invention, an offset Cassegrainian antenna provided
with plural reflecting mirrors shown in Fig. 9 is used. In
this embodiment, the offset Cassegrainian antenna pro-
vided with plural reflectors shown in Fig. 8 is also used,
however, this embodiment is different from the second
embodiment in that the position of a primary radiator 1
is outside the area of a main reflector 12.

[0050] Further, for a fourth embodiment of the present
invention, an offset Gregorian antenna provided with
plural reflectors shown in Fig. 10 may be also used. In
this embodiment, a predetermined offset is applied to a
main reflector 15 having a paraboloid of revolution so
that the maximum antenna gain is obtained at the mini-
mum operational elevation. A deputy reflector 16 has an
ellipsoid of revolution sharing the focus of the parabo-
loid of revolution. The center of the phase of a primary
feed 1 is located in the other focus of the ellipsoid of rev-
olution.

[0051] According to the constitution described in the
above second to fourth embodiments using the antenna
provided with plural reflectors, loss in feeding is further
reduced, the primary feed is fixed and the height of the
whole antenna is further reduced, compared with the
antenna in the first embodiment.

[0052] As described above, the antenna for low earth
orbit satellite communication according to the present
invention produces the following effect:

[0053] First, the best characteristics can be obtained
at the minimum elevation at which propagation loss and
attenuation by rainfall are the largest in a channel to a
satellite by optimizing the side lobe characteristic of the
antenna and cross-polarized electromagnetic radiation
isolation because the offset parabolic antenna, the off-
set Cassegrainian antenna and others in which the
maximum gain is obtained at the minimum operational
elevation are used. Particularly, the above effect is
remarkable because a LEQO satellite uses a millimeter
wave band and attenuation by rainfall is large.

[0054] Second, as the primary feed is fixed, a flexible
part is not required for a feeder and a waveguide, the
structure is simplified and the reliability can be
enhanced.

[0055] Third, as a part driven for tracking a satellite is
only the reflector, drive weight is small, tracking at high
speed is enabled and the driving mechanism can be
miniaturized and lightened.

[0056] Each feature disclosed in this specification
(which term includes the claims) and/or shown in the
drawings may be incorporated in the invention inde-
pendently of other disclosed and/or illustrated features.
[0057] Statements in this specification of the "objects
of the invention" relate to preferred embodiments of the
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invention, but not necessarily to all embodiments of the
invention falling within the claims.

[0058] The description of the invention with reference
to the drawings is by way of example only.

[0059] The text of the abstract filed herewith is
repeated here as part of the specification.

[0060] To provide an antenna for communicating with
a low earth orbit (LEQ) satellite which is small-sized and
light and can track a LEO satellite at high speed at a
small-sized earth station using a LEO satellite, the
above antenna uses an offset parabolic antenna-type
reflector and a primary feed is installed in the focal posi-
tion of the paraboloid of revolution forming the reflector.
The quantity of an offset of the offset parabolic antenna
is selected so that antenna gain is maximum at the min-
imum operational elevation. The primary feed is
mechanically independent of the mobile reflector and is
attached and fixed to a radiator supporting part. The
reflector is turned based upon an azimuth axis and an
elevation axis according to AZ-EL mount.

Claims

1. Anantenna for use at an earth station for communi-
cating with a low earth orbit satellite, wherein said
antenna comprises an offset aperture antenna for
mechanically tracking said low earth orbit satellite.

2. An antenna according to Claim 1, wherein:

said aperture antenna comprises means for fix-
ing a primary feed of said aperture antenna
and means for turning only a reflector of said
aperture antenna about an azimuth axis and an
elevation axis in the direction of said low earth
orbit satellite to track said satellite.

3. Anantenna for use at an earth station for communi-
cating with a low earth orbit satellite said antenna
comprising:

a reflector having a predetermined paraboloid
of revolution;

an AZ-EL mount connected to said reflector for
tracking said low earth orbit satellite by turning
said reflector about an azimuth axis and an ele-
vation axis;

a primary feed for feeding a beam on said
reflector; and

a radiator supporting part for supporting said
primary feed so that said primary feed can be
fixed independently of said reflector.

4. An antenna according to Claim 3, wherein:
said offset is set so that antenna gain is a max-

imum at a predetermined minimum operational
elevation.
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5. An antenna according to Claim 4, wherein:

said predetermined minimum operational ele-
vation is the limit of tracking in the direction of
the elevation of said low earth orbit satellite;
and

said predetermined minimum operational ele-
vation is determined based upon the number of
satellites arranged on the same orbital plane as
the altitude of said low earth orbit satellite.

6. An antenna according to any of Claims 3 to 5,
wherein: said antenna is an offset parabolic
antenna.

7. An antenna according to any of Claims 3 to 5,
wherein: said antenna is an offset Cassegrainian
antenna.

8. An antenna according to any of Claims 3 to 5,
wherein: said antenna is an offset Gregorian
antenna.

9. An antenna according to any of Claims 3 to 5,
wherein:

said azimuth axis is arranged to turn around a
straight line connecting the centre of said
reflector and the centre of said primary feed;
and

said elevation axis is arranged to come in con-
tact with a line perpendicular on the paraboloid
of revolution to a radial straight line passing the
paraboloid of revolution of an offset reflector
from an intersection of the axis of the parabo-
loid of revolution and a paraboloid.

10. An antenna according to any of Claims 3 to 9,
wherein:

a range in which said low earth orbit satellite is
tracked ranges from said minimum operational
elevation to the zenith in the direction of an ele-
vation and ranges from 0° to 360° in the direc-
tion of an azimuth.

11. An antenna according to any of Claims 3 to 10,
wherein:

said antenna is adapted to send/receive a high-
frequency signal either in a microwave band or
in a millimetre wave band.

12. A method of communicating with a low earth orbit
satellite, comprising the step of mechanically track-
ing the satellite with an offset aperture antenna.

13. A method according to Claim 12, wherein said step
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of mechanically tracking the satellite comprises fix-
ing a primary feed of the antenna and turning only
a reflector of the antenna about an azimuth axis
and an elevation axis in the direction of the satellite.
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