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(57) Abstract

A volumetric phased array antenna system comprising a number of antenna elements, each of which is connected to a T/R
(transmitter/receiver) module, being under the control of a beam steering computer (BSC), to which T/R module a transmitting signal
is fed for forming a transmitting beam, via which T/R modules RF signals are received and via a radar receiver are fed to a signal
processing unit connected thereto. The antenna elements are arranged in mutually spaced conformal curved virtual surfaces having the same
center of curvature or the same centers of curvature, with each combination of antenna elements in one or more surfaces together forming
a volumetric phased array antenna or a part thereof.




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
CI
CM
CN
Cu
Cz
DE
DK
EE

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus
Canada

Central African Republic
Congo
Switzerland
Cote d’Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
F1
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
JP
KE
KG
KP

KR
KZ
LC
LI

LK
LR

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Treland

Israel

Tceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
SZ
D
TG
T
™
TR
TT
UA
uG
Us
UZ
VN
YU
YA

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




WO 00/52787 PCT/NL00/00124

10

15

20

25

30

35

Title: Volumetric phased array antenna system

The present invention relates to a volumetric phased
array antenna system whose antenna elements are spatially
arranged in three dimensions and which is often referred to
as Crow's Nest Antenna (CNA).

More concretely, the invention relates to a volumetric
phased array antenna system comprising a number of antenna
elements, each of which is connected to a T/R
(transmitter/receiver) module, which is under the control of
a beam steering computer (BSC), to which T/R module a
transmitting signal is fed for forming a transmitting beam,
and via which T/R modules RF signals are received and via a
radar receiver are fed to a signal processing unit connected
thereto.

As is the case with all antenna systems, the CNA too is
sensitive to interference sources, the signals from which
are received in the side lobes of the antenna pattern. In
military systems, interference signals are produced by the
enemy to make intercommunication or target position
measurements impossible. In civilian systems, such
interference is caused by neighboring transmitting stations
or by reflections from nearby objects.

When in the use of conventional radar antenna systems
the location of the interference source is not known, use
can be made, for the purpose of suppressing such
interference or limiting the interference level, of
so-called adaptive nulling systems, whereby one or more
auxiliary antennas are arranged close to the main antenna.
If one interference source is present, one auxiliary antenna
is sufficient. The pattern of the main antenna is formed by
a strong main lobe and a large number of weak side lobes;
the antenna pattern of the auxiliary antenna is formed by a
broad lobe which extends over at least the whole angular
interval of the pattern of the main antenna, that is, over
the entire field of view of the main antenna, but has a

strength much smaller than that of the main lobe of the
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pattern of the main antenna. In the case of a sufficiently
strong interference source, the interference signals
received via the side lobes of the pattern of the main
antenna may still be stronger than the reflection signals of
the radiated radar beam received therein. Via the auxiliary
antenna, practically always an interference signal will be
received that is stronger than the signal coming from a
target. It is known to extract from the target signals and
interference signals received by the two antennas the target
signal received by the main antenna in the main lobe, using
algorithms developed therefor; for this purpose, a so-called
nulling processor is used. It is further known, when there
are several sources of interference, to also deploy several
auxiliary antennas. To obtain maximum signal correlation and
the highest possible interference suppression, it 1is
important in these known systems that the auxiliary antennas
are arranged close to the main antenna and that they all
cover the same field of view of the main antenna. In planar
and in linear phased array antennas, this is achieved by
placing the auxiliary antennas in the same plane or in the
same line as the main antenna. In a CNA this is not possible
since there is not any plane containing all antenna
elements. A possible solution for suppressing interference
from an unknown interference source would be to arrange a
large number of auxiliary antennas around the CNA. However,
each auxiliary antenna requires its own receiver with pulse
compression facility, Doppler processing, and so forth, so
that the costs of such a solution become extremely high.

The object of the invention is to provide a design of a
volumetric phased array antenna system, such that in a
relatively simple manner and at relatively low cost, an
efficient suppression of interference can be realized in it.

To achieve this object, according to the invention, the
volumetric phased array antenna system such as described in
the preamble is characterized in that the antenna elements

are arranged in mutually spaced conformal curved virtual
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surfaces having the same center of curvature or the same
centers of curvature, with each combination of antenna
elements in one or more surfaces together forming a
volumetric phased array antenna or a part thereof.

Insofar as these surfaces have one and the same center
of curvature, the virtual surfaces referred to form
spherical shells or parts thereof. Thus, for instance, six
of such spherical shells can be present, with each spherical
shell potentially containing tens to hundreds of antenna
elements. When these spherical shells are numbered 1 to 6
from the perimeter to the center, it holds, for instance,
that the antenna elements in the outermost shell (shell 1)
form an antenna for a weak and narrow beam, that the antenna
elements in the innermost shell (shell 6) form an antenna
for a weak and wide beam, that the antenna elements in, for
instance, the outermost four shells (shells 1-4) form an
antenna for a strong and narrow beam, and the antenna
elements of the innermost four shells (shells 3-6) form an
antenna for a strong and wide beam. It will be clear that
all kinds of combinations of shells are possible. Thus, for
instance, a main antenna can also be obtained by combining
the antenna elements in the shells 1-5, and for the purpose
of interference suppression an auxiliary antenna can be
obtained by combining, for instance, the antenna elements 1in
the shells 5 and 6. In all of these combinations, it is also
possible, as in the planar array systems, to generate
antenna patterns with several beams oriented in different
directions.

The antenna elements located on the same virtual
surface are connected via a T/R module to a single
combination unit, while for an antenna pattern to be formed,
a number of these combination units are connected to a
further combination unit. If the antenna elements are to
form, for instance, two antenna patterns where
conventionally two discrete antennas would have to be used,

two of such further combination units will be present. In
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this way, it is possible to form a fixed combination of
antenna patterns, for instance a main antenna pattern and,
for the purpose of interference suppression, two auxiliary
antenna patterns. In such a situation, separate radar
receivers for frequency down-conversion and detection of the
radar signals will be connected to the further combination
units, whereafter the thus detected signals can be further
processed in a nulling processor. More difficult is the
situation where the choice of the number of antenna patterns
to be formed and the properties thereof has not been fixed.
The further combination unit is then formed by a matrix
switching unit for forming a number of antenna patterns that
is to be set as desired, with beam properties that are to be
set as desired. This measure therefore means that the
discrete combination units are grouped as desired. This
choice can naturally depend on, for instance, the extent of
interference suppression in the nulling processor. A
conseguence of this setup, however, is that the discrete
combination units must be connected directly to a radar
receiver for frequency down-conversion and detecting the
radar signals before these are fed to the matrix switching
unit, which may render the costs of the entire radar system
high again, after all. In practice, however, in, for
instance, an interference suppression system with a main
antenna pattern and one or two auxiliary antenna patterns, a
fixed grouping of combination units will suffice.

Through the measures according to the invention, the
following further advantages are obtained. Because the main
antenna and auxiliary antennas are assembled into one
integrated whole, this enables proper correlation of the
signals obtained via these antennas, and hence proper
interference suppression. The number of auxiliary antennas
can be set as desired. The auxiliary antennas can be chosen
so as to yield, to a considerable extent, the same antenna
gain in all directions and hence equal interference

suppression in virtually all directions. When the location
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of an interference source is known,
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the auxiliary antenna

can be given an increased antenna gain in the direction of

the interference source through steering by means of the

beam steering Computer, thus enabling further improved

interference suppression. -

In addition to being used for suppressing interference

in military and civilian radar systems,

the present

invention can also be used for communication purposes.

When, for instance, in a

at widely divergent distances

served from the same communication station,

different choice of combining
two beams in the direction of
obtained simultaneously, such
sufficiently sensitive to the

induce any saturation effects

communication system two users
are to be simultaneously

then, through a
shells of antenna elements,
the respective users can be
that the station is

distant user, but does not

in the nearby user; in other

words, the dynamic range of the receiving system of the

station with an antenna construction according to the

invention can be considerably
When,

in another example,

limited.

in a communication system the

service of a mobile user from a first station is taken over

by a second station, then,

after the takeover by the second

station, it is possible in the first station, by means of a

nulling system therein,

to make the first station

insensitive in the direction of the mobile user and hence in

the direction of the second station.

The invention will now be further elucidated with

reference to the accompanying

drawings. In the drawings:

Fig. 1 shows a planar array antenna system with a main

antenna and an auxiliary antenna on either side thereof;

Fig. 2 shows the receiving pattern of the main antenna

and the auxiliary antennas in
Fig.

and

Fig. 1;

3 shows a volumetric phased array antenna system;
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Fig. 4 shows a volumetric phased array antenna system
in which the antenna elements are arranged in a shell

structure and are combined per shell.

Figs. 1 and 2 relate to an antenna system according to
the prior art, having a main antenna 1 and two auxiliary
antennas 2 and 3. The antennas are of the planar phased
array type and have been arranged as close to each other as
possible. Only via the main antenna 1 is a beam radiated.
The receiving beam pattern of the antenna 1 is represented
in Fig. 2 and comprises a main lobe 4 and a large number of
side lobes 5. The signals stemming from a target and
received within the narrow main lobe are relatively strong;
the signals from the target that are received outside the
main lobe rapidly decrease in strength with increasing
angular deviation. The receiving beam pattern 6 of the
auxiliary antennas covers the entire field of view of the
main antenna, and with increasing angular deviation the
received signals from the target decrease only very little
in strength. In addition, in Fig. 2 an interference source 7
is indicated. The signals stemming from the target and the
signals stemming from the interference source are received
by both the main antenna and the two auxiliary antennas and,
in receivers not shown, subjected to frequency
down-conversion and detected. The signals obtained are
processed in a processing unit, in particular a nulling
processor 8, whereby the unwanted interference signals are
suppressed.

As already mentioned earlier, such a system does not
straightforwardly work in the case of a volumetric phased
array antenna. Such an antenna is depicted in Fig. 3. In
this figure, only a limited number of spatially positioned
antenna elements 9 are represented. In practice, this number
will be much greater, even up to many thousands. The antenna
elements 9 are disposed above a base 10. The support of the

antenna elements is here formed by coax connections 11.
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Through these coax connections, each antenna element 9 is
connected to a T/R module 12. These T/R modules in turn are
connected to a transmitter 13 and a receiver 14. Signals are
transmitted via the transmitter 13, the T/R modules 12 and
the antenna elements 9 connected thereto, and signals are
received via the antenna elements 9, the T/R modules 12 and
the receiver 14. In the presence of the interference source
7 of Fig. 2, both signals reflected by the target and
signals coming from the interference source are received. To
still enable the interference signals to be suppressed, use
is to be made again of discrete auxiliary antennas as
indicated in Fié. 1, unless special measures are taken.
These measures require a special manner of positioning the
antenna elements 9. According to the invention, therefore,
the antenna elements are disposed, in the present exemplary
embodiment, so as to lie on concentric virtual surfaces of a
sphere; these surfaces of a sphere are hereinafter referred
to as shells. In Fig. 4, four of such shells 15-18 are
indicated. When the total number of antenna elements runs up
to many thousands, the number of shells can also be
considerably greater. To each of the antenna elements, again
a T/R module 12 is connected. The T/R modules of the antenna
elements 9 belonging to a shell are connected to a
combination unit. Accordingly, there are as many combination
units as there are shells. In Fig. 4, only the combination
units 19 and 20 are represented, which are connected to the
T/R modules for the antenna elements 9 in the shells 15 and
18. A transmitting signal is transmitted by the transmitter
13 via the distributing unit 21, the T/R modules 12 and the
antenna elements 9. The signals received via the antenna
elements 9 and the T/R modules 12 are combined per shell in
the combination units. In the matrix switching unit 22, the
information from the separate units is combined. For
obtaining a beam pattern for a main antenna, for instance
all shells are combined in the matrix switching unit 22.

This means that the signals of all combination units
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This signal is fed to the main antenna receiver 23 to be
frequency converted and detected. For obtaining an auxiliary
antenna, for instance the shells 17 and 18 are combined in
the matrix switching unit 22. This means that the signals of
only two combination units together represent the signal
received by this auxiliary antenna. This signal is fed to
the auxiliary antenna receiver 24 to be likewise frequency
converted and detected. The thus detected signals are fed
from the receivers 23 and 24 to the nulling processor 8 for
suppressing any interference signals. Although in this
exemplary embodiment the matrix switching unit 22 is
tailored to a fixed shell combination, it can also be set
each time, viz. by each time selecting a discrete antenna
pattern tailored to a specific application, through a
corresponding combination of shells. Given a large number of
shells, a great multiplicity of combinations of shells are
possible. In that case, it is more favorable to arrange a
receiver at the output of each combination unit, and to
combine the frequency converted and detected signals in the
matrix switching unit 22.

The invention is not limited to the embodiment
described with reference to Fig. 4, but comprises all kinds
of modifications thereof, naturally insofar as they fall
within the scope of protection of the following claims. It
is noted here that the nulling processor forms part of a
signal processing unit, in which in addition to intexrference

suppression further video signal processing can take place.
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1. A volumetric phased array antenna system comprising a
number of antenna elements, each of which is connected to a
T/R (transmitter/receiver) module, which is under the
control of a beam steering computer (BSC), to which T/R
module a transmitting signal is fed for forming a
transmitting beam, and via which T/R modules RF signals are
received and via a radaf receiver are fed to a signal
processing unit connected thereto, characterized in that the
antenna elements are arranged in mutually spaced conformal
curved virtual surfaces having the same center of curvature
or the same centers of curvature, with each combination of
antenna elements in one or more surfaces together forming a
volumetric phased array antenna or a part thereof.

2. A volumetric phased array antenna system according to
claim 1, characterized in that the antenna elements located
on the same virtual surface are connected via a T/R module
to a single combination unit.

3. A volumetric phased array antenna system according to
claim 2, characterized in that for an antenna pattern to be
formed, a number of combination units are connected to a
further combination unit.

4. A volumetric phased array antenna system according to
claim 3, characterized in that the further combination unit
is formed by a matrix switching unit for forming a number of

antenna patterns to be set as desired, with beam properties

to be set as desired.



WO 00/52787 PCT/NL00/00124
1/4

Fig. 1

oo
ot
~—J U

Joooodd
Joooodd
Hooootd
Joooood
—gugogon| e
Jooougd
Joooood
Joogootd
Joudgot
JUoooon
Joooyon
Jooudon

~—tJ0
Hun
Joo




PCT/NL00/00124

WO 00/52787

2/ 4

Z bi

(o) HIONY

ov- 09-

~_:::<<‘

I

il

T

ov-

(dp) 9AMOJ



3/4

¢ B




WO 00/52787

16

15

17

18

4/ 4

1 10

13

PCT/NL00/00124

Fig. 4

23
24

20

19

22—




INTERNATIONAL SEARCH REPORT

Intert  al Application No

PCT/NL 00/00124

A. CLASSIFICATION OF SUBJECT MATTER

IPC 7 HO1Q21/20 H01Q3/26

H01Q21/06 H01Q21/22

According to Intemational Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC 7 HO1Q

Minimum documentation searched (classification syatem followed by classification symbots)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the intemnational search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

XP002118329
Arlington, VA, USA
the whole document

column 4, line 44 -column
figures 1,2

6 August 1991 (1991-08-06)

Y WILDEN H: "The crow’s-nest radar-an 1,2
omnidirectional phased array system"

IEEE 1980 INTERNATIONAL RADAR CONFERENCE,
28 - 30 April 1980, pages 253-258,

A 3,4
Y US 3 152 330 A (CHATELAIN M G) 1,2
6 October 1964 (1964-10-06)
the whole document
A 3,4
A US 5 038 149 A (AUBRY CLAUDE ET AL) 1

6, line 25;

Y

m Further documents are listed in the continuation of box C.

E Patent family members are listed in annex.

° Special categories of cited documents :

A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earller document but published on or after the interational
filing date

"L* document which may throw doubts on priority claim(s) or
which is cited to establish the pubiication date of another
citation or other special reason (as specified)

*O" document referring to an oral disclosure, use, exhibition or
cther means .

*P" document published prior to the intemational filing date but
later than the priority date claimed

T" later document published after the intemnational filing date
or priority date and not in confiict with the application but
cited to understand the principle or theory underlying the
invention

"X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken aione

“Y* document of particular relevance; the claimed Invention
cannot be considered to involve an inventive step when the
document Is combined with one or more other such docu-—
memnzs such combination being obvious to a person skilled
in art.

*&" document member of the same patent family

Date of the actual completion of the intemational search

8 May 2000

Date of mailing of the international search report

15/05/2000

Name and mailing addreas of the ISA
European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk
Tel. (+31-70) 3402040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

Van Dooren, G

Form PCTASA/210 (second shest) (July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT

inter nal Application No

PCT/NL 00/00124

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category © | Cltation of document, with indication,where appropriate, of the relevant passages Relevant to claim No.

A US 4 734 700 A (BRUNNER ANTON) 1
29 March 1988 (1988-03-29)

column 5, line 31 —column 6, line 5;
figure 5

A US 3 680 112 A (THOMAS RICHARD K) 1
25 July 1972 (1972-07-25)

column 2, line 38 -column 4, Tine 36;
claim 1; figure 1

A DE 26 34 111 A (MEINKE HANS HEINRICH PROF 3,4
DR) 2 February 1978 (1978-02-02)
claim 1 '

Form PCT/ASA/210 (continuation of second sheet) (July 1882)

page 2 of 2



INTERNATIONAL SEARCH REPORT

information on patent family members

inter

“nal Application No

PCT/NL 00/00124

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 3152330 A 06-10-1964 NONE

US 5038149 A 06-08-1991 FR 2640821 A 22-06-1990
DE 68907575 T 27-01-1994
EP 0374008 A 20-06-1990

US 4734700 A 29-03-1988 EP 0207511 A 07-01-1987

Us 3680112 A 25-07-1972 NONE

DE 2634111 A 02-02-1978 NONE

Form PCTASAR10 (patent family annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

