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(67)  Theinvention relates to a phased array antenna
signal processing structure. The structure comprises a
processor that includes a digital beam forming unit for
generating partial beam data from digitized samples of
a set of phased array antenna elements. The processor
further comprises a set of input terminals for receiving
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A phased array antenna signal processing structure, a method and a computer program

intermediate beam data from another processor. The
processor also comprises an adder for generating new
intermediate beam data by adding partial beam data gen-
erated by the digital beam forming unit to corresponding
received partial beam data. In addition, the processor
comprises a set of output terminals for transmitting the
new intermediate beam data.
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Description

[0001] Theinventionrelatestoaphasedarray antenna
signal processing structure, comprising a processor that
includes a digital beam forming unit for generating partial
beam data from digitized samples of a set of phased array
antenna elements.

[0002] Digital beam forming in active electronic anten-
na arrays is complex. When the beam forming is per-
formed in the digital domain, a central processor is heav-
ily loaded both in terms of processing load and in com-
munication load. Current implementations of analog and
digital beam formers are very inflexible and poorly scal-
able. When the number of (phased array) antenna ele-
ments increases, the computational requirements of the
used processor increases exceptionally.

[0003] Itis an object of the invention to provide a more
efficient signal processing structure according to the pre-
amble for processing phased array antenna element da-
ta. Thereto, according to the invention, the processor fur-
ther comprises a first set of input terminals for receiving
intermediate beam data from another processor, a first
adderfor generating new intermediate beam data by add-
ing partial beam data generated by the digital beam form-
ing unitto corresponding received intermediate beam da-
ta, and a first set of output terminals for transmitting the
new intermediate beam data.

[0004] By both generating partial beam data and add-
ing intermediate beam data from another processor, the
processing capacity as well as the communication load
of the signal processing structure can be distributed,
thereby optimally exploiting the processor capacity. Es-
pecially when the processors are communicatively con-
nected in a ring structure for cyclically performing the
adding function, all processors can in principle be loaded
equally.

[0005] The processing functions that are needed for
computing a digital beam can be effectively distributed
overthe available processors. Further, the processor ac-
cording to the invention allows a highly scalable ring
structure wherein the number of processors increases
linearly with number of phased array antenna elements
and the communication load remains the same. The
structure is thus fully scalable regarding the number of
digital beams, the number of phased array antenna ele-
ments and the number of processors. In addition, since
only intermediate results are transmitted, there is a low
communication load on array level while the communi-
cation between the processors is minimal. Further, a hi-
erarchical beamforming structure can be realized without
a hierarchy in the processor structure.

[0006] Further, the invention relates to a method for
processing.
[0007] In addition, the invention relates to a computer

program product. Acomputer program product may com-
prise a set of computer executable instructions stored on
a data carrier, such as a flash memory, a CD or a DVD.
The set of computer executable instructions, which allow
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a programmable computer to carry out the method as
defined above, may also be available for downloading
from a remote server, for example via the Internet.
[0008] Other advantageous embodiments according
to the invention are described in the following claims.
[0009] By way of example only, embodiments of the
present invention will now be described with reference
to the accompanying figures in which

Fig. 1 shows a schematic view of a phased array
antenna signal processing structure accordingto the
invention;

Fig. 2 shows a schematic view of a compressor in
the structure of Fig. 1;

Fig. 3 shows a schematic view of three subsequent
processors in the structure of Fig. 1; and

Fig. 4 shows a flow chart of a method according to
the invention.

[0010] The figures are merely schematic views of a
preferred embodiment according to the invention. In the
figures, the same reference numbers refer to equal or
corresponding parts.

[0011] Figure 1 shows a schematic view of a phased
array antenna signal processing structure 1 according to
the invention. The structure 1 includes a multiple number
of identical processors 2a-h that are communicatively
connected in a ring structure. In the shown embodiment,
the ring structure is composed of eight processors 2a-h
and a central unit that are interconnected via two sets of
communication lines 4, viz. a set of communication lines
4atransmitting intermediate beam data and a set of com-
munication lines 4b transmitting final beam data. The set
of communication lines 4a,b can be physically distinct
lines or logically distinct lines.

[0012] Figure 2 shows a schematic view of aprocessor
2 from the ring structure 1. The processor 2, also called
tile, includes a digital beam forming unit 5, also called
beamformer, for generating partial beam data from dig-
itized samples of a set of phased array antenna elements.
Further, the processor 2 includes a first adder 6, also
called samples adder, for adding the generated partial
beam data. In addition, the processor 2 includes a
number of terminals for communication with other devic-
es.

[0013] More specifically, the processor 2 includes a
first set of input terminals 7 for receiving intermediate
beam data 44a from a preceding processor in the ring 1,
a first set of output terminals 8 for transmitting new inter-
mediate beam data 44a to a subsequent processor in
the ring 1, a second set of input terminals 9 for receiving
digitized samples 12 of a phased array antenna set, a
third set of input terminals 10 for receiving digital beam
coefficients 11, a fourth set of input terminals 13 and a
second set of output terminals 14 for receiving and trans-
mitting, respectively, final beam data 44b.

[0014] In order to obtain the ring structure, the first set
of input terminals 7 of a particular processor 2c are con-
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nected the first set of output terminals 8 of a preceding
processor 2b in the ring 1. Similarly, the first set of output
terminals 8 of the particular processor 2c are connected
to the set of input terminals 7 of a subsequent processor
2d in the ring 1. Analogously, the fourth set of input ter-
minals 13 and the second set of output terminals 14 of
subsequent processors 2 in the ring structure 1 form the
second set of communication linesforthe final beam data
44b.

[0015] Each processor 2 contains the same number
of input terminals in the second set of input terminals 9,
so that each processor can process the same number of
samples 12. In the shown example, the processor 2 in-
cludes 32 first input terminals 9, also called sample input
channels. Then, the ring structure 1, including in the
shown example 9 processors 2, is able to process 256
channels of digital samples. Thereto, a phased array an-
tennastructure is splitinto 8 sets of phased array antenna
elements, each feeding a corresponding processor 2.
[0016] Also the central unit 3 is provided with corre-
sponding sets of input terminals and output terminals for
receiving the intermediate beam data 4a and the final
beam data 4b.

[0017] During operation of the ring structure 1 accord-
ing to the invention, each processor 2a-h receives, via
the second set of input terminals 11 digitized samples 12
from the corresponding set of phased array antenna el-
ements. Thereto, the samples have been digitized using
analog to digital converters ADC’s. Each processor 2
processesthe samples 12 to generate partial beam data.
In this process, digital beam coefficients 11 are received
via the third set of input terminals 10. The digital beam
forming unit 5 includes a set of multipliers for multiplying
the received samples 12 with corresponding digital beam
coefficients 11. Further, the digital beam forming unit 5
includes a second adder for adding corresponding mul-
tiplied samples to generate partial beam data.

[0018] In order to obtain a digital beam, each sample
is multiplied with a corresponding coefficient. Then, all
multiplied samples are added. Thus, in each processor
2 receiving, in the shown embodiment, 32 samples, 32
multiplied samples are added. However, according to an
aspect of the invention, a multiple number of digital
beams can be computed. Thereto, the same samples 12
are also multiplied with other digital beam coefficients 11
to arrive at a second set of digital beam data. Preferably,
the number of digital beams is in the same order as the
total number of samples, in this example, 256 digital
beams. The data that is generated in the digital beam
forming unit 5 are called partial beam data, since the
adding process has not yet been performed over all sam-
ples, but only over the samples that are received by a
common processor 2. In the following, the process of
adding the partial beam data is described.

[0019] The partial beam data 15 is internally transmit-
ted to the first adder 6 that receives also intermediate
beam data 44a from the preceding processor 2 in the
ring structure 1, viathe first set of input terminals 9. Using
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the first adder, the partial beam data 15 generated by the
digital beam forming unit 5 is added to the intermediate
beam data 44a to get a new update of the intermediate
beam data 44a. Corresponding digital beam data are
added, i.e. a summation is performed over partial beam
data that relate to the same digitalbeam. The new update
of the intermediate beam data 44a is transmitted to the
next processor 2 in the ring structure 1. When this proc-
ess is repeated, subsequently, by the eight processors
2, all digital beams have been computed. The data of the
complete digital beams are called final beam data 44b.
[0020] According to an aspect of the invention, final
beam data are generated by adding intermediate beam
data received at a processor to corresponding partial
beam data generated by the processor, wherein the in-
termediate beam data are based on corresponding par-
tial beam data generated by all other processors in the
ring 1. The final beam data 44b is transmitted via the
second set of output terminals.

[0021] Figure 3 shows a schematic view of three sub-
sequent processors 2a-c in the structure 1. According to
an advantageous embodiment of the invention, the com-
putation of the final beam data 44b is evenly distributed
overthe processors 2, so that each processor 2 performs
a similar task. In the exemplary embodiment, each proc-
essor 2 generates 32 different final digital beams adding
up to the total number of 256 digital beams. In the shown
embodiment, the first processor 2a computes a block 80
of final digital beams, viz. digital beams 225-256, and
seven blocks 81 of 32 intermediate digital beam data
each. Similarly, the second processor 2 b computes a
single block 80 of other final digital beams, viz. digital
beams 193-224, and seven blocks 81 of 32 intermediate
digital beam data each. The block 80 that is added, by a
particular processor 2, to the communication line 4b of
final data, is not changed by the other processors 2.
[0022] The central unit 3 obtains all blocks of final data
44b for further processing. The fully beam formed data
referred to as final beam data available for further
processing can be transmitted to units outside the ring
structure. In a first embodiment, the final beam data can
be transmitted to a single processor unit. However, the
communication load is herewith locally increased. In a
further embodiment, the final beam data are transmitted
to adedicated processor node embedded at any location
in the ring structure. In yet a further embodiment, one or
afewbeam data sets are allocated to a single processor,
so that the communication load is distributed over avail-
able processors. The latter method of communicating fi-
nal beam data has the added advantage that any addi-
tional processing required per final beam data set (e.g.
range-doppler processing) can be equally divided over
processors as well. In order to facilitate a proper time
management of the data to be processed and transmit-
ted, a number of further input terminals and output ter-
minals can be provided. As an example, the processor
mightinclude terminals for time controlling signals and/or
for reading data such as multiplication coefficients that
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have been input to the processor.

[0023] It is noted that, preferably, the number of first
and second input terminals, and the number of first and
second output terminals coincides to optimally benefit
from digital I/O terminals in the processor 2. In a different
embodiment the data passed between processors can
contain time stamp data to align partial beam data and
intermediate beam data.

[0024] Asanexample,the digital samples are received
at a rate of 96 K samples per second, per ADC, each
sample having 8 bits that are transmitted serially.
[0025] According to a further aspect of the invention,
a defect in the performance of a specific processor in the
ring structure can be detected. Then, the intermediate
data and the final data can be transmitted by a preceding
processor in the ring, towards a subsequent processor
in the ring, thus circumventing the processor having the
defect. Apparently, measures have to be taken to prop-
erly delay the data or time stamp the data, so that the
other processors continue inmeaningfully processingthe
intermediate results. Advantageously, by applying a data
transfer by-pass, the ring structure can continue process-
ing phased array antenna data, also with a defect proc-
essor, albeit with a reduced performance since the func-
tionally eliminated processor and connected antenna el-
ement data do not contribute anymore in computing a
digital beam.

[0026] In this respect it is noted that the steps of de-
tecting a defect in the performance of a specific proces-
sor, and forwarding the intermediate data and final data
transmitted by a preceding processor towards a subse-
quent processor can not only be performed in combina-
tion with a phased array antenna signal processing struc-
ture wherein a multiple number of processors are com-
municatively connected in a ring structure, but also, in
combination with a more general phased array antenna
signal processing structure wherein a multiple number
of processors are communicatively connected in a chain
structure.

[0027] The processor can be implemented in various
ways, e.g. as an FPGA, an ASIC, a DSP or a general
purpose processor, e.g. using a laptop.

[0028] Figure 4 shows a flow chart of an embodiment
of the method according to the invention. The method is
used for processing phased array antenna digitized sam-
ples. The method comprises the steps of generating
(100) partial beam data using a processor processing a
digitized samples received from a set of phased arrays,
receiving (110), atthe processor, intermediate beam data
from another processor processing digitized samples re-
ceived from another set of phased array antenna ele-
ments, generating (120) new intermediate beam data by
adding the partial beam data to the corresponding re-
ceived intermediate beam data, and transmitting (130)
the newintermediate beam data to yetafurtherprocessor
processing digitized samples received from a further set
of phased arrays.

[0029] The method of processing phased array anten-
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na digitized samples can be performed using dedicated
hardware structures, such as FPGA and/or ASIC com-
ponents. Otherwise, the method can also at least partially
be performed using a computer program product com-
prising instructions for causing a processor of the com-
puter system to perform the above described steps of
the method according to the invention. All steps can in
principle be performed on a single processor. However
it is noted that at least one step can be performed on a
separate processor, e.g. the step of transmitting the new
intermediate beam data to yet a further processor
processing digitized samples received from a further set
of phased arrays.

[0030] The invention is not restricted to the embodi-
ments described herein. It will be understood that many
variants are possible.

[0031] It is noted that another number of processors
and another total number of samples can be chosen.
Further, another number of input terminals in the second
set of input terminals of the processors can be chosen.
[0032] In addition, the processor can include further
processing functions such as analog-digital conversion,
calibration etc. Calibration can be implemented as an
additional multiplication, for the sake of a simple design,
or as an additional addition, for the sake of computational
efficiency.

[0033] The digital beam forming unit can process on
the real and imaginary part of the samples. Otherwise,
also the amplitude and phase components can be proc-
essed. Further, by signal decomposition infrequency and
phase components, an efficient Hilbert operation can op-
tionally be applied.

[0034] Other such variants will be apparent forthe per-
son skilled in the art and are considered to lie within the
scope of the invention as determined in the following
claims.

Claims

1. Aphased array antenna signal processing structure,
comprising a processor that includes a digital beam
forming unit for generating partial beam data from
digitized samples of a set of phased array antenna
elements, and wherein the processor further com-
prises:

- a first set of input terminals for receiving inter-
mediate beam data from another processor;

- a first adder for generating new intermediate
beam data by adding partial beam data gener-
ated by the digital beam forming unit to the cor-
responding received intermediate beam data ;
- a first set of output terminals for transmitting
the new intermediate beam data.

2. A structure according to claim 1, wherein the proc-
essor comprises:
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- a second set of input terminals for receiving
the digitized samples of a phased array antenna
set;

- athird set of input terminals for receiving digital
beam coefficients; and wherein the digital beam
forming unit comprises a set of multipliers for
multiplying the received samples with corre-
sponding digital beam coefficients; and

- a second adder for adding corresponding mul-
tiplied samples to generate partial beam data.

A structure according to claim 1 or 2, wherein the
partial beam data and the intermediate beam data
include data relating to multiple digital beams.

A structure according to any of the preceding claims,
comprising amultiple number of processors commu-
nicatively connected in a ring structure.

A structure according to claim 4, wherein the first set
of input terminals of a particular processor are con-
nected to the first set of output terminals of a pre-
ceding processor in the ring, and wherein the first
set of outputterminals of the particular processor are
connected to the first set of input terminals of a sub-
sequent processor in the ring.

A structure according to claim 4 or 5, wherein each
of the processors are arranged for processing sam-
ples of a corresponding set of phased array anten-
nas.

A structure according to any of claims 4-6, wherein
each processor contains the same number of input
terminals in the second set of input terminals.

A structure according to any of claims 4-7, further
comprising a central unit, included in the ring, for
receiving final beam data.

A structure according to any of claims 4-8, wherein
the processors further include a fourth set of input
terminals and a second set of output terminals for
receiving and transmitting, respectively, final beam
data.

A structure according to any of claims 4-9, wherein
the adder in each processor is arranged for gener-
ating final beam data by adding received intermedi-
ate beam data to corresponding partial beam data
generated by the digital beam forming unit wherein
the intermediate beam data is based on correspond-
ing partial beam data generated by all other proces-
sors in the ring.

A structure according to any of claims 4-10, wherein
the processors are identical.
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12. A method for processing phased array antenna dig-

itized samples, comprising the steps of:

- generating partial beam data using a processor
processing a digitized samples received from a
set of phased array antenna elements;

- receiving, at the processor, intermediate beam
data from another processor processing digi-
tized samples received from another set of
phased arrays;

- generating new intermediate beam data by
adding the partial beam data to the correspond-
ing received intermediate beam data; and

- transmitting the new intermediate beam data
to yet a further processor processing digitized
samples received from a further set of phased
arrays.

13. A method according to claim 12, further comprising

the steps of:

- splitting the digitized samples of the phased
array antennas into a multiple number of N dig-
itized sample sets;

- generating partial beam data using N proces-
sors communicatively connected in a ring struc-
ture, each processor processing a correspond-
ing digitized sample set;

- receiving, at each processor, intermediate
beam data from a preceding processor in the
ring;

- generating, by each processor, new interme-
diate beam data by adding the intermediate
beam data that is received at each processor to
corresponding partial beam data generated by
said processor; and

- transmitting all new intermediate beam data to
the subsequent processor in the ring.

14. A method according to claim 13, further comprising

generating final beam data by performing the steps
of:

- adding intermediate beam data received at a
processor to corresponding partial beam data
generated by the processor wherein the inter-
mediate beam data are based on corresponding
partial beam data generated by all other proc-
essors in the ring; and

-decidingwhetherthe added intermediate beam
data is complete and can be transferred as final
beam data instead of intermediate beam data.

15. A method according to claim 14, further comprising

a step of performing additional processing on the
final beam data.

16. A method according to claim 15, further comprising
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detecting a defect in the performance of a specific
processor in the ring structure, and forwarding the
intermediate data and final data transmitted by a pre-
ceding processor in the ring, to a subsequent proc-
essor in the ring.

A computer program product for processing phased
array antenna digitized samples, the computer pro-
gram product comprising computer readable code
for causing a processor to perform the steps of:

- generating partial beam data using a processor
processing a digitized samples received from a
set of phased array antenna elements;

- receiving, atthe processor, intermediate beam
data from another processor processing digi-
tized samples received from another set of
phased arrays;

- generating new intermediate beam data by
adding the partial beam data to the correspond-
ing received intermediate beam data; and

- tfransmitting the new intermediate beam data
to yet a further processor processing digitized
samples received from a further set of phased
array antenna elements.

10

15

20

25

30

35

40

45

50

55

10



EP 2 369 679 A1

Bvbit-‘QG-KBps-fperABCT 24 e

v v 2 v
1z, om
s o~ ,5- 256 96-Ksps{B4-bit-Sémi-Peralieh-Baeh-vampli-ln-paraliel-and-beams-ane hEhindthe-other,

7 ; i e |

4 " sampzs [—1 ¥ 1" Samples [~1Y "‘ u Samples — 4 r"
r w Addar o H— % Adder IR Adder ||
i 3 B ¥
Ly;
FRGA2— PPEA T FRGA-4-
t cu — Final-results-output V
/f# tatermediaie-bearrresvitsioop
3 RiRakbeam-restlisioor

| )

aco

"

? o] R wl | %

4 Samples [4— ¥ H Semples il Samplas Samplas —
Addaer ) Addet ¥ Adder Y Addar m

n T h — 11w T

T _J 1 T

LW
Q
M
=
o
TN
[\
£



EP 2 369 679 A1

i
Z
/2 ‘SampiEsT(Sea) o |
SamplesTiuir3) i
Reatly— 167 Teakpan-—Hiderimaginarypart
954 Eoemscintan —.—L Beams—eut{3y £4 A
44 7 Boame-esmp—ini32) B —A—{-—b Beamscomp—_out3y 7% £
Beameain-eir{7)

Beams—outcir{F—
4 Fry. 2



EP 2 369 679 A1

-
Lo
“StarytrramsTiv32 Etartsbeams225-a-256 Sansheams-103-o.034—
end-gives-as-ira e BTG WSS o T TESunS -BRd-glves-As-finalrasulls
“Fsulls-225-40.285 / s pal o A&o1a2
l B a
Samples T F " Samplas ?
Adder w u dder | f k
ﬁ T

Iplermadiaterresulls

pEszal-ig2]sze-150] 97-128 T eso | 334 | 32

Fingtresulte (g 4
225258 g
?; { ntermediateresais st

[i515z]12a-s60] 67-12a | o595 | 3344 | 192 [06255

inferfnediale-rasulis

‘j,/ Finakesslls 320-160] 97120 | 6336 | 9384 | 132 |2z5-250] 193224
97 [eze Finghesuls

i\.__gﬂ peel— o

Ryl
NS
L



EP 2 369 679 A1

10



EP 2 369 679 A1

D)

Europédisches
Patentamt

European
Patent Office

Offlce européen
des brevets

[a]

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 10 15 7564

Category

Gitation of document with indication, where appropriate,
of relevant passages

Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (IPC)

X

WO 2004/030145 A1 (ERICSSON TELEFON AB L M
[SE]; FALK KENT [SE]; KARLSSON INGMAR
[SE]; LI) 8 April 2004 (2004-04-08)

* abstract *

* page 1, line 7 - page 7, line 27 *

* page 12, line 19 - page 13, line 31;
figures 3A,3B *

* page 19, paragraph 2; figure 8 *

US 2008/268797 Al (AHN CHEOL-WOO [KR] ET
AL) 30 October 2008 (2008-10-30)

* abstract *

1-17

1-17

INV.
H01Q21/00

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 24 August 2010 Yang, Betty

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

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

A : technological background

O non-written disclosure

T : theory or pringiple underlying the invention

E : earlier patent document, but published on, or

P : intermediate document document

after the filing date
D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding

11




EP 2 369 679 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 10 15 7564

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.

24-08-2010
Patent document Publication Patent family Publication

cited in search report date member(s) date

W0 2004030145 Al 08-04-2004 AT 457534 T 15-02-2010
AU 2002343293 Al 19-04-2004
EP 1550177 Al 06-07-2005
JP 4119429 B2 16-07-2008
JP 2006501719 T 12-01-2006
UA 80725 (2 25-10-2007
US 2006164301 Al 27-07-2006

US 2008268797 Al 30-10-2008 KR 20080096202 A 30-10-2008

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

12



	Bibliography
	Claims
	Drawings
	Description
	Abstract
	Search-Report

