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(54) Space borne antenna system

(67)  The invention provides a space borne antenna
system, that comprises a platform (10), at least one feed
arrangement and at least one radiating element (40; 40a,
40b; 40b-1, 40b-2). The platform (10) comprises at least
one boom (20; 20-1, 20-2). The feed arrangement is ar-
ranged on or close to the platform (10) wherein the feed
arrangement comprises at least one reflecting element.

The at least one radiating element (40; 40a, 40b; 40b-1,
40b-2) is mounted at the tip of the at least one boom
which is remote to the platform (10), wherein the at least
one radiating element (40; 40a, 40b; 40b-1, 40b-2) is
adapted to receive electromagnetic waves from the feed
arrangement and to redirect it in a different direction
and/or vice versa.
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Description

[0001] Theinvention relates to a space borne antenna
system. In particular, the invention relates to a multiple
antenna system for space borne applications like radar,
synthetic aperture radar (SAR), interferometric SAR or
moving target indication (MTI).

[0002] Known antenna systems, for example an inter-
ferometric SAR instrument, often comprise two or more
radiating apertures (i.e. antenna arrangements) which
are mounted on a single platform, e.g. a spacecraft or a
satellite, with a certain spatial sensor separation. A large
separation, i.e. baseline, between the radiating apertures
is reached by mounting at least one of the antennas on
the tip of a boom like structure. The boom like structure
(e.g. arm or mast) may be fixed or deployable. According
to the partly high weight of the antenna mounted at the
tip of the boom, the boom has to be adapted to have a
sufficient, predetermined stiffness. However, this may re-
sultin a heavy and mechanically complex boom. Further-
more, the distance between platform and antenna may
influence the performance of the antenna system.
[0003] Itis therefore an object of the present invention
to provide a space borne antenna system which is struc-
tural and/or functional improved.

[0004] This object is solved by an antenna system ac-
cording to the features of claim 1. Preferred embodiments
are set out in the dependent claims.

[0005] The invention provides a space borne antenna
system that comprises a platform, at least one feed ar-
rangement and at least one radiating element. The plat-
form comprises at least one boom. The platform may be,
for example, a satellite or a spacecraft. The feed arrange-
ment is arranged on or close to the platform, wherein the
feed arrangement comprises at least one reflecting ele-
ment. The at least one radiating element is mounted at
the tip of the at least one boom which is remote to the
platform, wherein the at least one radiating element is
adapted to receive electromagnetic waves from the feed
arrangement and to redirect it in a different direction
and/or vice versa.

[0006] Theinventionisbased onthe consideration that
separation of the feed arrangement and the radiation el-
ement enables a more performing antenna system. The
reason for the better performance is the fact that no ca-
bles between the platform and the tip of the boom have
to be installed. In known antenna systems, for the ex-
change of control commandos or RF signals between
the platform and an antenna being arranged on the tip
of the boom, the signals have to be routed along the
boom by cables or waveguides which is complex. RF
signal quality suffers from losses due to cable or
waveguide length. Furthermore, in contrast to the known
antenna systems, no calibration effort and thermal con-
trol of the antennas remote from the platform is neces-
sary.

[0007] In the antenna system according to the inven-
tion, the at least one radiating element may be adapted
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to receive electromagnetic waves from the feed arrange-
ment and to redirect them in a different direction. Hence
this antenna arrangement represents a transmit (Tx) an-
tenna. Alternatively, the at least one radiating element
may be adapted to receive electromagnetic waves and
to redirect them in a different direction to the feed ar-
rangement. In this case the antenna arrangement is
adapted to be a receive (Rx) antenna. Furthermore, the
at least one radiating element may be adapted to receive
electromagnetic waves from the feed arrangement and
to redirect them in a different direction and to receive
electromagnetic waves from the different direction and
to redirect them to the feed arrangement. Hence, this
antenna arrangement represents a receive and transmit
(Rx/Tx) antenna.

[0008] According to a further embodiment, the radiat-
ing element can comprise a flat reflector, such as a re-
flecting plane, or a reflector or a reflect-array. In these
embodiments, the radiating elements are passive ele-
ments having a predetermined shape and reflecting prop-
erties according to a desired signal beam deflection.
[0009] According to a further embodiment, the feed ar-
rangement comprises at least one secondary antenna
comprising at least one reflector antenna or reflect-array
antenna or antenna elements.

[0010] According to a further embodiment, the feed ar-
rangement comprises at least one secondary antenna
system, comprising a feed system and one or more re-
flectors or one and more reflect-arrays. The feed system
may comprise one or more antenna elements.

[0011] In other words, according to this invention the
feed arrangement is realized as focusing secondary an-
tenna for the radiating element. It may comprise of at
least one ore more reflector antennas or reflect-array an-
tennas. Likewise, the feed arrangement may comprise
at least one reflector antenna system, comprising or con-
sisting of at least one or more feed elements and a one
ore more reflectors. The feed arrangement may alterna-
tively comprise at least one reflect-array antenna system,
comprising or consisting of one or more feed elements
and one or more reflect-arrays. Hence, electromagnetic
waves may be deflected by or within the feed arrange-
ment. In such an antenna system, multiple antenna ele-
ments in the feed system may be used for beam squint
in any direction. Likewise, one or more secondary anten-
nas may be used for beam squint in any direction.
[0012] An example for the secondary antenna with
more than one reflector comprises a cassegrain like sec-
ondary (hyperbolic) reflector which is illuminated with at
least one focusing (parabolic) ternary reflector which is
illuminated by a feed system with one or more antenna
elements.

[0013] The at least one boom may be a fixed or a de-
ployable or extractable structure (e.g. a mast or telescop-
ic arm) with arbitrary shape and configuration. The shape
and the configuration of the boom may be arbitrary, since
itis not essential for the currentinvention as long as there
is a baseline, i.e. distance, between the feed arrange-
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ment and a corresponding radiating element.

[0014] According to a further embodiment, a further
antenna or antenna system (in other words: an antenna
arrangement) may be arranged on or close to the plat-
form, wherein the antenna or antenna system is adapted
for reception and/or transmission of electromagnetic
waves. As a result, the antenna system according to the
invention may comprise more than one antenna arrange-
ments. For example, the antenna arranged on or close
to the platform may be used as a receive antenna, while
the at least one antenna arrangement which has a re-
spective radiating element mounted at the tip of the at
least one boom is/are transmit antenna(s). In case of two
(or more) such transmit antennas, the antenna system
may be used as an interferometric SAR antenna system.
[0015] Anadvantage of the antenna system according
to the invention is that the radiating elements can be re-
alized passive, i.e. no RF signals need to be routed along
the boom(s) being connected to the platform. The weight
of the passive radiating element at the end of the boom
is low. This approach avoids laying RF waveguides along
the deployable boom, and minimizes calibration efforts
and electrical losses in these waveguides.

[0016] A further advantage of the proposed antenna
system is that the feed system and its assigned electron-
ics are mounted in close vicinity of the platform or directly
into the platform where they are under tight thermal con-
trol.

[0017] The principle advantage is that the proposed
feed system allows architectures with very long boom
(boom length >> diameter of reflecting element at tip of
boom) as the secondary antennailluminates the radiating
element.

[0018] All described configurations might be used for
transmit (Tx) antennas and/or receive (Rx) antennas.
[0019] The invention will be explained in more detail
with reference to the accompanying figures.

Fig. 1 shows a first example of a known antenna
system in which aradiating element is carried out as
aflatreflector, such as areflecting plane, or a reflect-
array.

Fig. 2 shows a second example of a known antenna
system in which the radiating element is carried out
as a curved reflector.

Fig. 3 shows a first example of an antenna system
according to the invention, in which a feed arrange-
ment is carried out as a secondary antenna acting
as focusing element.

Fig. 4 shows a second example of an antenna sys-
tem according to the invention, comprising two an-
tenna arrangements being mounted at respective
tips of two booms that are arranged on opposite sides
of a platform of the antenna system.
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Fig. 5 shows a third example of an antenna system
according to the invention, comprising two antenna
arrangements being mounted at the tips of two
booms and an additional third antenna being ar-
ranged on or close to the platform.

[0020] Fig. 1 shows a first example of a known space
borne antenna system. The antenna system comprises
aplatform 10, aboom 20, a feed system 30 and a passive
radiating element 40a. The platform 10 may be, for ex-
ample, a satellite or a spacecraft. The boom 20 can be,
for example, a mast or a telescopic arm. The boom 20
comprises a first end 21 and a second end 22. While the
first end 21 is attached to the platform 10, the second
end 22 which constitutes a tip of the boom 20 bears the
radiating element40a. This means, the radiating element
40a is mounted at the tip of the boom.

[0021] In the embodiment of Fig. 1, the radiating ele-
ment 40a is a flat reflector, such as a reflecting plane, or
a reflect-array which typically have a surface which is
within one plane. The feed system 30 is arranged on or
close to the platform 10. The feed system 30 may com-
prise one or more antenna elements. The combination
of feed system 30 and radiating element 40a is called an
antenna arrangement. An electronics or control unit of
the feed system 30 which is not shown in the figures can
be mounted in close vicinity of the platform 10 or directly
into the platform 10.

[0022] The feed system 30 and the radiating element
40a are arranged such that the radiating element 40a
canreceive electromagnetic waves from the feed system
30 and redirect them in a different direction (beam direc-
tion 50). As aresult, the antenna arrangement constitutes
a transmit (Tx) antenna.

[0023] Furthermore, the antenna arrangement could
be realized such that electromagnetic waves received by
the radiating element 40a may be directed to the feed
system to constitute a receive (Rx) antenna. Likewise,
the antenna system may be adapted to both receive and
transmit electromagnetic waves, such that the antenna
system constitutes a receive and transmit antenna.
[0024] Fig. 2 shows a second known embodiment of a
space borne antenna system which differs from the em-
bodiment of Fig. 1 only in that, that the passive radiating
element is a reflector 40b which may have a concave
surface. The reflector may be a parabolic reflector or of
any other shape.

[0025] In the first embodiment according to the inven-
tion and illustrated in Fig. 3 the feed arrangement is a
secondary antenna 44 consisting of a reflector 43 and a
feed system 30 directed to the reflector or reflect-array.
The feed system 30 may comprise one or more antenna
elements. The reflector 43 may be realized alternatively
as reflect-array. In this antenna system, the reflector 40b
(or alternatively flat reflector (e.g. reflecting plane or re-
flect-array) at the tip of the boom 20 constitutes a primary
antenna and the antenna 44 a secondary antenna. For
transmission, the primary antenna 42 on the tip of the
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boom receives electromagnetic waves from the second-
ary antenna 44 and forwards them in the direction of in-
tention (beam direction 50). For reception, the primary
antenna element 42 receives electromagnetic waves
from the beam direction 50 and directs them in the direc-
tion of the secondary antenna 44.

[0026] Providing a feed arrangement on or close to the
platform 10 and the first end 21 of the boom, respectively,
and aradiating element at the second end 22 of the boom
20 ensures that no RF (radio frequency) signals need to
be routed along the boom via cables or waveguides. This
approach avoids laying RF waveguides along the fixed
or deployable boom, and minimizes calibration efforts
and electrical losses in these waveguides.

[0027] An antenna system according to a second em-
bodiment illustrated in Fig. 4 comprises two antenna ar-
rangements. The first antenna arrangement comprises
a first boom 20-1, a first passive radiating element 40b-
1 (constituting a first primary antenna 42-1) at the tip of
the first boom 20-1 and a first feed arrangement (i.e. first
secondary antenna 44-1 ) close toor arranged in the plat-
form 10. The second antenna arrangement comprises a
second boom 20-2, a second passive radiating element
40b-2 (constituting a second primary antenna 42-2) at
the tip of the second boom 20-2 and a second feed ar-
rangement (i.e. asecond secondary antenna 44-2 ) close
to or arranged in the platform 10. The first and second
booms 20-1 and 20-2 are arranged on opposite sides of
the platform 10. A baseline (distance) between the two
radiators 40b-1 and 40b-2 is depicted with 60. Both feed
arrangements (first secondary antenna 44-1 and second
secondary antenna 44-2) consist of a reflecting element
43-1 and 43-2 as well as a feed system 30-1 and 30-2.

[0028] In this antenna system, one of the antenna ar-
rangements may be used as transmit (Tx) antenna while
the other antenna arrangement may be used as receive
(Rx) antenna. Alternatively, at least one of the antenna
arrangements might be adapted to be a receive and
transmit antenna.

[0029] The third embodiment of an antenna system ac-
cording to the invention (Fig. 5) is based on the second
embodiment illustrated in Fig. 4. In addition, a further
antenna 70 is mounted on or in close vicinity to the plat-
form 10. The antenna 70 comprises a reflector or reflect-
array 72 and a feed system 71. While the further antenna
70 is adapted to receive electromagnetic waves (receive
Rx antenna), the two other antenna arrangements are
configured to transmit electromagnetic waves (transmit
Tx antennas). Alternatively, receive and transmit direc-
tion might be interchanged between the antenna ar-
rangements.

[0030] An antenna system as illustrated in Figs. 4 and
5 may be used as across track and/or along track inter-
ferometric SAR.

LIST OF REFERENCE SIGNS

[0031]
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10 platform

20 boom

20-1 first boom

20-2 second boom

21 first end of boom

22 second end of boom
30 feed system

30-1 first feed system

30-2 second feed system

40 radiating element

40a reflecting plane / reflect-array
40b reflector

40b-1  first reflector

40b-2  second reflector

42 primary antenna

42-1 first primary antenna

42-2 second primary antenna

43 reflector / reflecting plane / reflect-array

43-1 first reflector / reflecting plane / reflect-array
43-2 second reflector/ reflecting plane / reflect-array
44 secondary antenna

44-1 first secondary antenna
44-2 second secondary antenna
50 beam direction

60 geometric baseline

70 antenna or antenna system
71 feed system

72 reflector / reflect-array

Rx receive beam direction

Tx transmit beam direction
Claims

1. A space borne antenna system, comprising

- a platform (10) having at least one boom (20;
20-1, 20-2);

- at least one feed arrangement arranged on or
close to the platform (10) wherein the feed ar-
rangement comprises at least one reflecting el-
ement; and

- at least one radiating element (40; 40a, 40b;
40b-1, 40b-2) being mounted at the tip of the at
least one boom which is remote to the platform
(10), wherein the at least one radiating element
(40; 40a, 40b; 40b-1, 40b-2) is adapted to re-
ceive electromagnetic waves from the feed ar-
rangement and to redirect it in a different direc-
tion and/or vice versa.

2. The antenna system according to claim 1, wherein
the radiating element (40; 40a, 40b; 40b-1, 40b-2)
comprises areflecting plane or a reflector or areflect-
array.

3. The antenna system according to claim 1 or 2,
wherein the feed arrangement comprises at least
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one secondary antenna (44, 44-1, 44-2) comprising
at least one reflector antenna or reflect-array anten-
na or antenna elements.

The antenna system according to one of the preced- 5
ing claims, wherein the feed arrangement comprises
at least one secondary antenna system, comprising
a feed system (30; 30-1, 30-2) and one or more re-
flectors or one and more reflect-arrays (43; 43-1,
43-2). 10

The antenna system according to claim 4, wherein
the feed system (30; 30-1, 30-2) comprises one or
more antenna elements.

15
The antenna system according to one of the preced-
ing claims, wherein the at least one boom (20; 20-1,
20-2) is afixed or deployable or extractable structure
with arbitrary shape and configuration.

20

The antenna system according to one of the preced-

ing claims, wherein a further antenna or antenna sys-

tem (70) is arranged on or close to the platform (10),
wherein the antenna or antenna system (70) is
adapted for reception and/or transmission of elec- 25
tromagnetic waves.

30

35

40

45

50

55



EP 2731 193 A1

Fig. 1



EP 2731 193 A1

40b

Fig. 2



EP 2731 193 A1

40b, 42

Fig. 3



EP 2731 193 A1

40b-1, 42-1

20-1—_ |

60

e N TN

20-2

40b-2, 42-2
Fig. 4



EP 2731 193 A1

40b-1, 42-1

60

A

——— T

o
o
&

\

40b-2, 42-2

Fig. 5

10



EP 2731 193 A1

des

Europdisches
Patentamt

.o))) Office européen EUROPEAN SEARCH REPORT

European
Patent Office

brevets

—_

EPO FORM 1503 03.82 (P04C01)

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 12 00 7610

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
X US 6 424 314 B1 (BAGHDASARIAN VAROUJ G 1-7 INV.
[US] ET AL) 23 July 2002 (2002-07-23) HO1Q1/12
* column 2 - column 4; figures 2-4 * HO01Q1/28
_____ H01Q3/26
X LUDWIG M ET AL: "Imaging Ka-band SAR 1-7 H01Q19/10
interferometer", H01Q19/19
SYNTHETIC APERTURE RADAR (APSAR), 2011 3RD
INTERNATIONAL ASIA-PACIFIC CONFERENCE ON,
IEEE,
26 September 2011 (2011-09-26), pages 1-4,
XP032024041,
ISBN: 978-1-4577-1351-4
* section V;
figure 5 *
X EP 1 119 072 A2 (BOEING CO [uS]) 1-7
25 July 2001 (2001-07-25)
* paragraph [0028] - paragraph [0031];
figures 5A-5E *
TECHNICAL FIELDS
SEARCHED (IPC)
HO1Q
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
The Hague 26 February 2013 Hueso Gonzalez, J

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone after the filing date

Y : particularly relevant if combined with another
document of the same category

A : technological background

O :non

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

D : document cited in the application
L : document cited for other reasons

-written disclosure & : member of the same patent family, corresponding
P : intermediate document document

1"




EPO FORM P0459

EP 2731 193 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 12 00 7610

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

26-02-2013
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 6424314 Bl 23-07-2002  NONE

EP 1119072 A2 25-07-2001 DE 60111585 D1 28-07-2005
DE 60111585 T2 18-05-2006
EP 1119072 A2 25-07-2001
JP 3495334 B2 09-02-2004
JP 2001251126 A 14-09-2001
US 6323817 Bl 27-11-2001

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

12



	bibliography
	description
	claims
	drawings
	search report

