WO 2006/ 130004 PCT/ NL2006/ 000272 RADAR SYSTEM FOR Al RCRAFT The invention
relates to a radar systemfor an aircraft for in use at |east detecting
anot her airborne objected within a region surrounding the aircraft. Such a
radar systemis known and is used by mlitary aircraft of an 5 air force.
The known meolasoss308e4€m i s capabl e of searching through agmegieso0dhat
extends over a distance of up to 150 nautical mles froman aircraft using
that system The systemis used to detect another aircraft as early as
possible, not with the ai mtorRaaRiAISTAENXGPRIiZSIRORRFTOUt rather to allow for
determining as early as possible whether the detected aircraft is for
instance a hostile aircraft 10 that needs to be targeted or an aircraft that
can be ignored. The transmitter of the known radar systemis capabl e of
transmtting strong signals which reach a long distance and are still
detectable after reflection. An antenna of the transmtter may nmechanically
nove, for instance rotate, so as to transmt a signal into all zones of
interest by a scanni . g T, 5.; 1t y al so
be arranged to el ec??gﬁ%%ﬁ@%&%%ﬁp%@%ﬁ%?% %?3%e%%éﬁ?m§@%t%%gghysi cal
rotation of lehe dbéctippandther hirbbiemeotgected ritidhia optes samoaadimf thent er est
are within a scan only tenporarily addressed. G ven the need to scan all
the zones ofaif¥gdrest, it takes some tine to obtain information on the
possibl e presence of, anatan, AL Lehallod bl 06 [N, SHIHEHNYNG,ENT o
aircraft. 20 This is tdsually nger than several se onas. a conseguence

t her eof the aik ivs BySkeddrh Tall@f sysichds egpabiabf sedrehingpihacaghliarregionvi sual
i nspection of a flight safety volume that surrqunds a flying aircraft. It
i s an obj ectthabesendnevensdasteaee ploumiolyQaautical gates romean aierait s nap| e
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10  that needs to be targeted or an aircraft that can be ignored. The transmitter of
the known radar system is capable of transmitting strong signals which reach
a long distance and are still detectable after reflection. An antenna of the
transmitter may mechanically move, for instance rotate, so as to transmit a
signal into all zones of interest by a scanning movement of the antenna. The
15  transmitter may also be arranged to electronically scan all zones of interest
without a physical rotation of the antenna itself. However, in both cases zones
of interest are within a scan only temporarily addressed. Given the need to
scan all the zones of interest, it takes some time to obtain information on the
possible presence of another aircraft in the region surrounding the aircraft.
20  This is usually longer than several seconds. As a consequence thereof the
known system is for instance unable to replace direct visual inspection of a
flight safety volume that surrounds a flying air'ci'aft.
It is an objective of the invention to provide a radar system that is
capable of providing feed-back to a pilot in a faster way than the way feed-back
25  1is provided by the above-described system of the prior art.
This objective is achieved with a radar system that according to the

invention is a radar system for an aircraft for in use at least detecting another



2 airborne object within a region surrounding the aircraft, wherein the
system conprises at |east one subsystem conprising: at |east one
transmitter for transmitting an el ectromagnetic probe signal; a phased
~array of receivers for simultaneously receiving reflections of the
transm tt edv@roobesogsisgnal and for 5 generating receivi ng PKITgNI2b®/00827zh each
represent a received reflection of the probe signal; and a signal
processing unit for processing each of tRe receiving signals for obtaining
i nformati on about a detected airborne object within the region surrounding
the aircraft, wherein the subsystemis arranged to transmt by nmeans of the
transmitt er amberes olectswihin a segian SHEOUNGE G rql@fts wheapincthecsystemzone of
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interest.. This allows a radar stem according to the invention to be
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unit is arr angesnit ®yuseandbfrhe akansthitidplthe lpeama é.lgﬁarl Sighi ﬂha@ﬁ:ﬂ@lprélﬂa be abl e
to determne the direction relative to the aircraft, fromwhich direction
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such that it is capable of replacing a visual inspection.

15 : The signal processing unit may be arranged to determine a direction
relative to the aircraft, from which direction the received reflection originates,
irrespective of the position of the detected airborne object within the zone of
interest. It follows that the signal processing unit may nearly instantaneously
determine the dirgction, thereby obviating the necessity for the receivers to

20 scan the zone of interest, which leads to a slow determination of the direction.

More particularly, the signal processing unit is arranged to use
digital multiple beam forming in order to be able to determine the direction
relative to the aircraft, from which direction the received reflection originates,
Which is a very suitable way to arrange the signal processing unit to determine

25  the direction irrespective of the position of the detected airborne object within
the zone of interest.

In particular it applies that the at least one subsystem is arranged
to transmit the probe signal such that the probe signal continuously covers the
zone of interest. This offers the advantage that at all times that zone of

30 interest is monitored for the presence of another airborne device. Such a



30 interest is nonitored for the presence of another airborne device. Such a
WO 2006/ 130004 PCT/ NL2006/ 000272 3 systemis capable of continuously
providing information onto a pilot. Hence, the information is provided in a
way that is nmuch faster than the way in which known radar systens provide
such i nf or M¥O281e/1308hadays, the safety vol une surroundi NBCENLL096/019272
commercial 5 aircraft is controlled by human air traffic controllers with
the aimto avoid collision. These air tmaffic controllers are provided with
i nformati on about the presence of aircraft in a predeterm ned zone of an
airspace. This information is based on the detection of air_ planes via
radar syst ersysignt ishcanadle pf eantismoyaly nnwiding infarmationtonth amilettBeneshe zone

of interest. ,An gxperienced h n_air raff] troll i.s _capabpl e of
mont tor | ng. e P BRECES EariFR i Bt S 5l AeR Rah the B RisRent i n
time. This hamwaPrdddriiyetind prévid@xidiimformbtig!. of allowable aircraft in a
gi ven zone of the airspace. Research has shown that the efficiency of an

ai rspace coul d be Newasleyd, Biegifétyoehurg surjouading aflyingeenmeseisk| ves

capabl e of safeguardin 15.their radd on |} iV, ir. ce. .kt has
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about its position. Wen all aircraft are also provided with a receiver for
recei vi ng t Hwesensepd gixcral incopreaeieradned zoneaeframairepage; Thig informationt is 20
shoul d at a ' t I:3 ] : t | [&E t usi ng
sane ai rspg%:/aée’gagl t@%e(ﬁ%‘%@?osrp @?dl% hlf?’lsQl e?fr‘]’%%*én%atqis %Eeé]?ém:ﬁ’%g?{r %ﬁeaélﬁiast%ﬁpd be

capabl e of theqirdhnd aadoehichshemitod thie zany odirteresdi Aflfegbériedeed Inaduantinge of
this systemis_ that each aircraft is, dependent on other_aircraft. This
system w0 | taaffie apptrelles i3 pagabde of mpypitpring the faght yrroupdinghpppeld3i t h such

certously | aRrtiheRaRalrBERL AHER" Thte MAOCB N ARLBIRAEY. 00 G ng
to the i n\{erlililﬁbelc@ﬁhli@valﬂaahrc@éﬂt &l afdivdiezone of the airspace.
Research has shown that the efficiency of an airspace could be
improved significantly, if aircraft were themselves capable of safeguarding
15  their separation in a given airspace. ‘
It has been proposed to develop a system in which all aircraft are
provided with a transmitter that continuously transmits a signal containing
information about its position. When all aircraft are also provided with a
receiver for receiving these signals as transmitted by other aircraft, all aircraft
20  should at any time note the position of all other aircraft that are using same
airspace. On the basis of this information each aircraft should be capable of
avoiding a collision with any other aircraft. A disadva.ntage of this system is
that each aircraft is dependent on other aircraft. This system will only work
satisfactorily if all aircraft are equipped with such a system. Hence, such a
25  system cannot gradually be implemented. This seriously inhibits the
development of this system.
A radar system according to the invention can for each aircraft be
put into practice independently of the time at which the radar system is put

into practice for other aircraft.



put into practice independently of the tinme at which the radar systemis put
into practice for other aircraft. W 2006/ 130004 PCTI NL2006/ 000272 4 In
fact, as a radar system according to the invention can in principle replace
a visual inspection for a zone of interest in a region surrounding an
aircraft, SWQREA3IMWI4 craft may al so fly according to vi seai/NLdodgdobzmeul es
under circunstances in which visual flight rules can normally not be
applied due to 5 for instance bad weatheg circunstances. It follows that an
aircraft equipped wth a radar system according to the invention may for

i nstance be able to land on an airfield that is only approachable on the
basi s of applying Jmnsfast, asfd raglar systieas accandingita$he myenjioencameia pranciple

ci rcunstances .al l ow. for.t he ﬁ%gflicatio .o(avisual fl.ight rul | n ot her

words, a coRSUAtRdYisus! SPECHEN FORA AT RterPriin 8, rqgip 8“#8%@?% Dairfields

may now be appraRGRRS Ak&@ft MAPHINEAY Bedor&ingG RS @ FREh1PLlkS ungefel |y not
all ow. Furthernore, because a radar systemaccording to the invention can

in principl eircepstaneey inswhiich vispakflight ruldsean agamadlysnasherappliedi duehioy be
applied on ﬁﬁmangfd ircra%b. Such anannﬁ? jrcraf ggﬁ even be so, well 15
control | 2d ffe?f néfﬁ%lafi(%ﬁar AT GFCPmEbangeR It fllows that a8 FFctaft squippeds, o
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velocity of an aircraft present in the zone of interest and reflecting the

probe si gnallandemapeairfiald $bat isfandyraprraschablesn e hasis ofegnmdrinigoriswdl t hat
robe signal,. ;20 kn an odi nent of a.radar systema rding to the
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aircraft. ThpgliedtsoH 6Bvibhatflight Z0lee. LOVDEL tobYs, thenRe@ishcsigrBe has
continuously a predeterm ned shape. The radar systemis therefore capable

to noni 10r &wvautiondadhyt a laxgearwpbey oftairfiadds mayinqve be pppreadhiable aleepect to

the aircraft, e25 énﬁ an 1(%nbo%' mecng %f nrradalr1 ) tstﬁm according to the
i nvention tﬁveh oV "}gﬁgf oHe saulbgyg% e PEAPPaRged 10 transmit the pr obe

signal having a Furthermore, because a radar system according to the invention can
in principle replace visual inspection, the radar system may suitably be
applied on unmanned aircraft. Such unmanned aircraft may even be so well-

15  controlled due to application of the invention, that such aircraft are allowed in
regular airspace.

As will be discussed further below, a relative velocity of an aircraft
present in the zone of interest and reflecting the probe signal, can be derived
from a reception of the reflection of that probe signal.

20 In an embodiment of a radar system :accor(iing to the invention the
direction of the probe signal is static relative to the aircraft. This ensures that
a zone covered by the probe signal has continuously a predetermined shape.
The radar system is therefore capable to monitor continuously a zone of
interest that is static with respect to the aircraft.

25 In an embodiment of a radar system according to the invention the
at least one subsystem is arranged to transmit the probe signal having a
constant frequency. T}‘1is allows for the detection of an aircraft present in the
zone of interest on the basis of the well-known Doppler effect.

In an embodiment of a radar system according to the invention the

30  at least one subsystem is arranged to transmit the probe signal having a



constant frequency. This allows for the detection of an aircraft present in
the =zone of interest on the basis of the well-known Doppler effect. In an
enbodi ment of a radar system according to the invention the 30 at |east one
subsystemis arranged to transmt the probe signal having a WO 2006/ 130004
PCT/ NL2006/WW00Q®5A30084 Fr equency Modul at ed Conti nuous WavepFMA0bs/00dti2s al | ow
for the possibility to determne on the basis of the reflection of the
probe signal, a distance of an approacting aircraft present in the zone of
interest. When the probe signal is a frequency nodul ated conti nuous wave 5

F Si |, the distanc f the approachi ne can be.esti mpted. Wen
& nunber - SoelnrRe MW eRaatigua A e 5o, B e 6 BebegHa ve ¢ ne
track of the ARPLRBENHIEhhds & ttlA1e tefledifod Me&ﬁ%ﬁé Qi!g%al,oa gRtsadedfrant he

G osest Point of Approach (C. P.A), and the time at which this will occur
needed, an apprbachioklaixirafi presend invthe came bicintexesi.ed out by the pilot. 10
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cheap radar system according to the invention. Such single chip receivers
are for insanincellistadmamoguyieatandet carsied ot by dhe palat-20 devi ces such as a
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i nvention thgak 3¢ 3tend UedeRMrEoRhE $8PerRid con@drides DPéolRURBYS HRIBnfifr. As

monitoring a first zone of interest in front of the aircraft and at |east a
second zoneopyfosed to microwaves or tubes, which require a high supply voltage and are

generally expensive, solid state transmitters are relatively cheap and can be
energized by a relatively low supply voltage.

15 It is further possible that in an embodiment of a radar system
according to the invention each of the receivers of at least one of the
subsystems comprise a single chip receiver. Also the use of such single chip
receivers allow for a relatively cheap radar system according to the invention.
Such single chip receivers are for instance used in portable telecommunication

20 - devices such as a mobile phone and in devices which are operational within a
wireless LAN network.

In a preferred embodiment of a radar system according to the
invention the radar system comprises a plurality of subsystems for monitoring
a first zone of interest in front of the aircraft and at least a second zone of

25  interest that is either behind the aircraft, above the aircraft, below the
aircraft, or sideways of the aircraft. In other words, it is possible to provide a
safety zone in a region surrounding the aircraft so that it covers the most
vulnerable zones around an aircraft and in which another aircraft could fly.

This invention is also related to an aircraft provided with such a

30 radar system.



25 interest that is either behind the aircraft, above the aircraft, bel ow
the aircraft, or sideways of the aircraft. In other words, it is possible
to provide a safety zone in a region surrounding the aircraft, so that it
covers the nost vul nerable zones around an aircraft and in which anot her
aircraft cwdzhoé/i3poodThi s invention is also related to amrcaiNieomfobo2pr ovi ded
with such a 30 radar system WD 2006/ 130004 PCT/ NL2006/ 000272 6 The
invention is further explained on the bagis of an exenplary drawing, in
which: Fig. 1 schematically depicts an enbodi nent of a radar system
according to the invention; 5 Fig. 2 depicts schematically an enbodi nent of
a nmet hod accordi ng The inveationis fartber exmlgined oscihenhasicef a1y exppblors a .
nodi ficatio .the e di ment of the radar systemshown in Fig. 1; Fig. 4
depicts schglﬁ%‘hn&mﬁ%é of the enbodi ment of the radar 10 system shown in

Fig. 3; and Fig. 5 Wigpilaichetebieany Hepictsyarfembsdinierftasf sarndairisgsiit that is
provided wth an enbodi nent of a radar system according to the invention.
In the draweeeprdingdoghetisvertdonr ovi ded with |i ke references. Fig. 1 depicts

schemat i gal |y an embodbeat. ol o.d 93N, SHSLERL e Abe A MU LEAb ARl n use

in
at | east “detecting aro al rbor ne objec 'n~a region surrounding the
aircraft. Agh&idwehéioh; may be an airplane, a helicopter, a zeppelin etc. An
ai rborne object nmay _be any structure or devi.ce that reflects el ectrqomagnetic

radi ati on and nmay chigs8 sshemesicabndenigisp ewditicntiong ofithe eppeodament af the 20 The
system corrp%&%ssﬁgelheﬁ%%n?ﬁeﬁwisgugsystem 1. The subsystem 1 conprises a
“To

transmtter ransmtting-an’ el ectronmagneti c probe signal into a zone
of interest and a pRRS4d«pittiaycdmicdlyvadesofIht e lsidimkehaofthestadar

10 system shown in Fig. 3; and

Fig. b depicts schematically a result for an aircraft that is provided
with an embodiment of a radar system according to the invention.

In the drawing like parts are provided with like references.

Fig. 1 depicts schematically an embodiment of a radar system for an

15 aircraft for in use at least detecting another airborne objeét within a region
surrounding the aircraft. ‘

An aircraft may be an airplane, a helicopter, a zeppelin étc. An
airborne object may be any structure or device that reflects electromagnetic
radiation and may cause an accident when colliding with the aircraft.

20 The system comprises at least one subsystem 1. The subsystem 1
comprises a transmitter 2 for transmitting an electromagnetic probe signal
into a zone of interest and a phased array of receivers 3 for simultaneously
receiving reflections of the transmitted probe signal and for generating
receiving signals which each represent a received reflection of the probe signal.

25  The subsystem is arranged to transmit by means of the transmitter the probe
signal such that it covers a zone of interest that is static with respect to the
aircraft. It is for instance possible that a transmitter antenna 2a is attached to
a nose of the aircraft, that the aircraft flies in a direction F, and that the
transmitter antenna 2a sends in use a probe signal that is substantially

30 forwardly directed into a zone of interest, such as a cone defined by lines Z.



receiving reflections of the transmtted probe signal and for generating
recei ving signals which each represent a received reflection of the probe
signal. 25 The subsystemis arranged to transmt by neans of the transmtter
the probe signal such that it covers a zone of interest that is static with
respect toWwWhwos/g0@raft. It is for instance possibl e tREI/NL20068ANEM tt er
antenna 2a is attached to a nose of the aircraft, that the aircraft flies
in adrection F, and that the transmt¥er antenna 2a sends in use a probe
signal that is substantially 30 forwardly directed into a zone of interest,
such as a caone defined by lines Z. WO 2006/ 130004 PCT/NL2006/ 000272 7 Once
t he transni Pnep tbe]tr@mﬁan{t@r pRtEEy istineReratinn, the feansmitting antenea22®$ i s not
mechani cal | ] : | RGr T ' rest, as
ot i nod by frhaseBulichlly GERATYish SebiaSe 8 B Ricrar; TR BHE oFlptelb 85
visible frasfiledby lines Zus etdthewtihr @epeddno the tirergft.dbithsuginabt visitdé at i ¢
relative to the 5 aircraft. The subsystem.is arranged.to_transmt the probe

si gnal  suchfionatiia: Hen ysedibe dreghian of she Praksrignalde viatic refetivotethst i nterest.
The radag sysfem SENeORLLCal) Yo Q&Bhg&fgo {rAnEh tlhgle @%ﬁ@rsigsrf'asl dc,ﬁ_c[]%ﬁfco ut em 1

whi ch haS a phased array-of receiveFrs arrange rows™ an ms.

The subsyst gmbdxigharcoatimuousk<coseidle phootasergtreans to be 10 di scussed
| ater. The receivers 3 are depicted as .conpri si ng .a_receiving antenna 3a,
and an el ectronic elediaAarreystesn sehematieally dapisteddn\Biggl spgnEIses furt her in

the subsyst glfhecteitil bR ELLAERLUA oy LEAREADE ALEGSENSH shoiOMI A b

present in “each subsystemto ubsystemto detect the presence of
an ai r bor ne colainuec Thiersubbgstz anfardier cvlrguréset sigiabpredestimgant ali tebe a
direction of  an airbor n% 15 devi ce preiqent i.n the zone of interest at |east
two recéPvediscuprng latere Theasesivers Srike amistarl a5 cORPIING 2 FRGATEING FtgENa
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ai rborne object to the aircra In at | east one . Preferably each
subsyst em cohpsulssystah. Iteadl bd ¢tieaethacdilvatonkaeceivec? should 2 pebbricin on of
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object in the zone of interest. However to establish a direction of an airborne

15  device present in the zone of interest at least two receivers should be present.
The signal processing means, to be discussed later are arranged for obtaining
information of a detected airborne object to the aircraft in at least one
dimension. Preferably each subsystem comprises at least three receivers for
receiving a reflection of the probe signal that is transmitted by the transmitter

20 antenna 2 of that subsystem. The signal processing means, to be discussed
later, are arranged for obtaining information of a detected airborne object
relative to the aircraft in at least two dimensions. As shown, the receivers 3
are arranged with respect to each other according to a predetermined pattern
that extends in at least two dimensions. It is possible that each of the receivers

25 38 is within the predetermined pattern with respect to each nearest
neighbouring receiver 3 equidistantly arranged. Preferably, such a distance
corresponds more or less to half the wavelength of the probe signal that is'
transmitted by the transmitter antenna 2 of the subsystem.

The subsystem 1 comprises a signal processing unit SPU for

30 processing each of the receiving signals for obtaining information about a



| ater, are arranged for obtaining information of a detected airborne object
relative to the aircraft in at |east two di nensions. As shown, the receivers
3 are arranged with respect to each other according to a predeterm ned
pattern that extends in at least two dinmensions. It is possible that each
of the recwsiormwe13B&43 is within the predeterm ned pattemraTiNiRivsneRpect to
each nearest neighbouring receiver 3 equidistantly arranged.. Preferably,
such a di stance corresponds nore or les8 to half the wavel ength of the
probe signal that is transmtted by the transmtter antenna 2 of the
subsystem The subsystem 1 conprises a signal processing unit SPU for 30
processi ng é’ﬁfﬁ?t%ﬁ atrﬁém%ébé?%%h%i Aeglompyurgpunding hge pireritetiesal about a
VD 2006/ 130 B i Q%ﬁﬁ%@%@%rg%s&%}g%&% El.lerm&%ﬁaﬁgéa%ﬁ% uhd D pnikhe
regi on surr e arcr processing unit and ‘signa

processi ng @pa@ﬁc@ﬂi@nl nterchangeably used in this specification. The
subsystem 1 may be arranged to convert for each recei ver 3 of 5 that

subsystem a recei vedhgsapsyien, bmay '%ﬁ’ﬁa’%g eonyeys fgr Gﬁﬁh regeivesrd @ct i on
si gnal [ a e | east
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Fourier transformng the digital refleﬁtl on- si gnal S@% al th recel vers 3
of that 10 SUBSYEPERNEorTPasE AbaRalogyerbe-diita enarrer del Lon
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3. The subsyst'em nmay conpri se det ecto etecting on the
basi s of theradfprthingsilpndibitabfeflehfiokBignabeofalt slenpeeveral ofiphatoachi ng

aircraft as directio t roachl alrcrat r | ative to
the recdlverd SVStTH’eL]ﬂ{?MEPEﬁHg%ﬂ?éE‘F@ ﬁ‘?‘gﬁﬁ‘ﬁ%mc gt ebpyt ns of the
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object in the zone of erest 1rrespective of the position o
obj ect whi chmapjfedher soxhpmae adie%dtdm Det foe detvendingfon thet leasts bf tHenoutpus

enbodi nent, the si essin t can determne t
sfignals 0 &1 Fg‘&‘ %e prese ce o an approac&x?ng .':uj}'craf{1 as well as the

direction of the approaching aircraft relative to the receivers 3. The subsystem
15  is thus arranged to detect by means of the phased array of receivers and the
signal processing means an airborne object in the zone of interest irrespective
of the position of the airborne object which object is located within the zone of
interest. In this embodiment, the signal processing unit can determine the
direction relative to the aircraft, from which direction the received reflection
20 originates, irrespéctive of the position of the detected airborne object, within
the zone of interest. In order to achieve this, the signal processing unit is
arranged to use digital multiple beam forming by means of the FFT. It is, in
this embodiment, unnecessary for the receivers 3 and/or the signal processing
unit to-scan the zone of interest. The subsystem merely "stares", as it were, at
25  at least nearly the entire zone of interest while refraining from scanning. Each
of the receivers may comprise a single chip receiver. These types of singlé chip
receivers are for instance used in wireless local area networks (LAN). As well
known to those skilled in the art.
Transmitter 2 of a subsystem may comprise a solid state transmitter

30 as commercially available and well-known by those skilled in the art. Such a



direction relative to the aircraft, fromwhich direction the received
reflection 20 originates, irrespective of the position of the detected

ai rborne object, within the zone of interest. In order to achieve this, the
signal processing unit is arranged to use digital nultiple beamform ng by
means of tNOPPFI3PE is, in this enbodi nent, unnecessa®ETINN20G6900272Ccei ver s
3 and/or the signal processing unit to scan the zone of interest. The
subsystem nerely "stares", as it were, ab 25 at least nearly the entire zone
of interest while refraining fromscanning. Each of the receivers nmay
conprise a single chip receiver._ These tgpes of single nggf recei vers are
for instanc éohg Ebptp Arafsoaitkargmay bg Ergngsd te transeat e sagyal heviggpicongtgdhn t o

t hose skill ' 10Tk SH) ' solid
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transmtter rranged to transmi{ a,signal__havi a_consta
frequency, 6%‘8&1_ Wl_tf@ﬁ(?ﬁnay _6|9HHIP§’€Q'[V%1 Raf{ &P ;Fltgg?‘ %W&F%h‘&@é}
arranged g tc%lntdri%flﬁmt%n@e éﬁ%@éon*&éy)’cbf‘g@&{fﬁ@éﬁ«b‘%ﬁ%ﬂﬁ%@hﬁhﬁﬂg@ﬁ@% Qs Vave

(FMCW . Transmtter may beée equi pped w a Wave Form Generat or G 5 and
for instanceigmlupbedramsmisted)oy flor transpiten ¥ ehq addressmathig sigwalt ype of

[ | to be t itted by the t it d ' t hi [ I
sut bl y t o cuitedls i reatminttemnanan Jarhbe Betaol Debatas atenzel ifgad 1 o
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Subsysten) may be arranged such that in use the transmtter of that 10
subsyst em 1 Sulmpsten smayshgmahnged sund that omsseabhe traagusttey ofithdtl t he

b t i ndi cat,e he presence of.an. approachi.ng aircraft .in the zone of
Soter oot rbeinenst BaRints B il na R SRRE etk el n° 20" e
subsyst em | ndheAkeH indfcaRes sOhceddThrtreaNhBGifk4 R iafthe :z&rl]é ge zone of

interest, the transmtter of that subsystemtransnmits a signal having a 15
Frequency Midtdrastedhesubisysiensmasiurthenbe Avgangetsuck thst/ whemineage ther t her be

arranged to sru%ggs%n} in ri]csa%é %}ilengre%er?ciegor}'%llndhaap\f)ir(r)]gch%nfg WA Y the zone of
interest, the transmitter of that subsystem transmits a signal having a
15 Frequency Modulated Continuous Wave (FMCW). That subsystem may
further be arranged to repeat transmitting a signal having a frequency
modulated continuous wave so that the track of the approaching aircraft can
be calculated. The Frequency Modulated Continuous Wave comprises a
frequency pattern which receives itself in time. Preferably the radar system
20 comprises at least two subsystems 1 for monitoring a first zone in front of the
aircraft and a second zone that is either behind the aircraft, above the aircraft,
below the aircraft, or sideways of the aircraft.
An embodiment of the radar system according to the invention of
which a subsystem is shown in Fig. 1, works as outlined below. Fig. 2 is
26 schematically outlined a method of detecting an aircraft within a region that
surrounds an aircraft that is provided with a radar system according to the
invention. The method involves, in normal operation, transmitting a
continuous probe signal having a constant frequency. This is step SI.1 of a
method according to the invention. SI refers to a step in a first mode of

30 operation. A subsystem as shown in Fig. 1 is capable of transmitting such a



nodul at ed conti nuous wave so that the track of the approaching aircraft can
be cal cul ated. The Frequency Mdul ated Conti nuous Wave conprises a

frequency pattern which receives itself in tinme. Preferably the radar system
20 conprises at |east two subsystens 1 for nonitoring a first zone in front
of the aiworabd¢/138609d a second zone that is either behing@Crive2@cioenzft, above
the aircraft, belowthe aircraft, or sideways of the aircraft. An

enbodi nent of the radar system accordingl@o the invention of which a
subsystemis shown in Fig. 1, works as outlined below. Fig. 2 is 25
schematically outlined a method of detecting an aircraft within a region

that surroghatnupusprehesignehfuche Begianesdnay for instenga e dP<GEH edor di ng

to the invention. T ' il |, oper.at.i . kiting a
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operation. A subsystemas shown in Fig. 1 is capable of transmtting such a
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in Fig. 2 ¢ 1 wverd | L\ LIRa: Sl el recei ving
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Fourier transformer for forming digital multiple beams using a 2-D Fast

15  Fourier transformer for forming digital multiple beams, the forming of these
beams resulting from the phase difference between the receiving antennas 3a.
Hence, the inputs of the 2-D Fast Fourier transformer are provided by the
receiving antennas 3a. Also, Fast Fourier transformer comprises a 1-D Fast
Fourier transformer for determining the Doppler frequency. Hence, the input

20  of the 1-D Fast Fourier transformer may be provided by only one of the
receiving antennas. From this Doppler spectrum, it is, for each received signal,
possible to detect (SI.5) the presence of an approaching airborne object in the
zone of interest from Which reflections of the probe signal have been received.
Thus, it is possible to derive the velocity and the direction of the detected

25  airborne device. The signal processing means are arranged for obtaining
information about a velocity of a detected airborne object relative to the
aircraft on the basis of doppler information in the reflections of the probe
signal. It will be clear to those skilled in the art that stationary reflections, of
for instance the ground, can be suppressed on the basis of the Doppler

30 frequency. If no approaching airborne device is detected the transmission of a



15 Fourier transformer for formng digital nultiple beans, the form ng of
these beans resulting fromthe phase difference between the receiving
antennas 3a. Hence, the inputs of the 2-D Fast Fourier transforner are
provi ded by the receiving antennas 3a. Al so, Fast Fourier transforner
conpri ses WORIB/BagE Fourier transformer for determ ni rRgTNL2OOBOER2ET
frequency. Hence, the input 20 of the 1-D Fast Fourier transfornmer may be
provi ded by only one of the receiving amtennas. Fromthis Doppler spectrum
it is, for each received signal, possible to detect (SI.5) the presence of
an approachi ng airborne object in the zone of interest from which

ref | ect i onsconfinueas probesighghhavihapecopstantrizemieneyl contiues until a8 possible to
derive the velocity and th gi ection of the detected 25 airborne device.
The signal PFIEESS er‘(écen]@élﬁgec ‘?({é arranged for obtaining information about a
velocity of a deteoyRen and3Drofchds efbofed ddvidListdrtédted, therfexdfisterpn t he
basis of doppler information in the reflections of the probe signal. It
will be cl ecompmsastiysnswiitingaireauenty medulaped cantinuoysarave pfobesigmls, of

for instanc oupd. . can, be_suppr. d, on t he basi f.th l er 30
frequonds LT AT SRS 16 R Reetindh BRERRSSEHL: I i8R RerfioribhE oERBR L, 00
a WO 2006/ 15398 HFEHLPRNEBO 06 k2 d (B1I.2)0 Thie B! eatsivih@ Bl gwall bBavi ng a

constant frequency continues until an _airborne device Is_detected. \Wen an
appr oachi ngcanvebisdriateldigiied reepiviag stgnads (FIS) padia S bBastcheyierses
transmtting_a_freguenegy, | at oL ) . b Lgna (SI.1).
SIl refers ?‘SHSE"E{H%% “l”?\l tggggg%rﬁ5ﬁdn%lge£%4tgg%§§g¥?%§{gg%f é;f;fl ?%hnishrgg also this
probe si gnadinyéddioks the ¢eiceatimebbiond beinkhigsesgatdidimagsishgaaldsons | | be
converted into digital receivi n%]si gnal s (SII gﬁ) and a 3-D Fast Fourier

t r ansf otbrer teamparal dimergpm Bhe SihEash Bowrer frapsfoymay useyadtl Hast| . 4) in
three di nmepsi] I ' L1 ' i [ | and one
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beans resulting fromthe ph}alse di ffe!'Fenc,e bet ween the receiving antennas 3a.
Hence, the inputs of the 2-D Fast Fourier transformer are provided by the

receiving antennas 3a. The transformed signals provide information of the

15  direction of the approaching aircraft relative to the receivers 3. The signal
processing means are thereby arryan'ged to determine a direction relative to the
aircraft, from which direction the receiving signals originate. Also, the 3-D
Fast Fourier transformer comprises a 1-D-Fast Fourier transformer for
determining the distance of the approaching airborne device. Hence, the input

20  of the 1-D Fast Fourier transformer may be provided by only one of the
receiving antennas. After repeating the sending of a frequency modulated
continuous wave probe signal and successively step SII.2, step SII. 3 and step
SII.4, a number of times, a distance profile of the detected airborne object will
be derived. The frequency modulated continuous waves may have a bandwidth

25  of the order of a couple of MHz. The repetition frequency of a frequency
modulated continuous wave sweep can be selected such that stationary
reflections will not disturb the distance measurement. From the carrying out
of steps SI.1-SI.5 the velocity and the direction of the detected airborne object
is derived. From the carrying out of steps SI.1-SI.5 a distance profile of the

30 detected airborne object is derived. This allows the radar system to calculate a



Hence, the inputs of the 2-D Fast Fourier transfornmer are provided by the
recei ving antennas 3a. The transforned signals provide information of the 15
direction of the approaching aircraft relative to the receivers 3. The
signal processing neans are thereby arranged to determ ne a direction
relative twotdee/13eoncraft, fromwhich direction the recBCVINRYPISHWYAR] S
originate. Also, the 3-D Fast Fourier transforner conprises a 1-D Fast
Fourier transformer for determ ning thd2di stance of the approaching

ai rborne device. Hence, the input 20 of the 1-D Fast Fouri er transformer may

be provided by only one of the  receiving a tenng er repeating_the
sendi ng of Haﬁk@ﬁ%%w%ﬁh}n&%ﬁborééﬁlﬂﬁﬁ u&ﬁ‘tﬁﬁ e glqsash PoREOf
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frequency npeatded! eghrre @it ianliamis- cmmmyome a bandwi dth 25 of the order of
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continuous wave sweep GBAJs caleulide B]%%S‘ikﬁé(?teé‘?att eystepesaetidtbns wil |
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30 detected airbgrne object ig derjved. This allows the radar systemto
cal cul at e AR08 CEIORDHL P HRESIGIJBD 375 ] JFHL R Bie PRE: Sipr oachi ng

ai rborne devi ce ands Lo, gakAbRbEHENENBIRRRAE SRAVA'n e, PRAIRARD (CPA) and

the time of the CPA the basis of this a pilot can; If needed, carry out
an anti-col Isa:lsamahcrai]yomuﬁhgeB The phbseal GPAy icempaises bl saine Iamcsutbswﬁstem t he
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,[ ﬁgei vers Seﬁlzctrtopxﬁz Qr%segg RX h& e AL gue Eo g.lgluéLal conver\éer (AI?H but three of
Furthermore, the mixers 4 are arranged to generate as an output signal a
15  mixer signal having a frequency which at least approximately equals the
difference between the frequencies of two input signals. The subsystem is
arranged to send a reference signal to the mixers 4 which reference signal is
similar to the probe signal to be sent by the transmitter antenna 2. Therefore,
the mixer signals are signals of which the frequency equals the difference
20  between the frequencies of the reference signal and the receiving reflection.
The modification is further illustrated in Fig. 4, in which an extra
steps SI.2a and SII.2a are added. By adding the mixer 4 in the radar system
and by adding the extra steps SI.2a and SII.2a, the respective signals to be
converted SI.3 and SII.3 by the analogue-to-digital converters (ADC) aré
25  within a range for which range analogue-to-digital converters are available at
very reasonable price. Typically, both the reference signal and the receiving
reflection have a frequency of about1010 Hz range. The mixer signal, however,

may very well be about 10¢Hz range, for which relatively simple analogue-to-

digital converters are available.



receivers 3 are shown in Fig. 3 for the sake of clarity. As can be seen in
Fig. 3, the receivers 3 each conprise a mxer 4. The m xers 4 are |ocated
between the electronic elenent RX and the anal ogue-to-digital converter
(ADC). Furthernore, the mxers 4 are arranged to generate as an out put
signal a wdamsx®moossi gnal having a frequency which at |rcasNL2@p002 Mat el y
equals the difference between the frequencies of two input signals. The
subsystemis arranged to send a referenge signal to the mxers 4 which
reference signal is simlar to the probe signal to be sent by the
transmtter antenna 2. Therefore, the m xer signals are signals of which
the frequency equaFig. tbrehouisfschemvasisallp howt aveaivcraft stichegs ancilgdand ndye

ref erence signal.and the receiving reflection, he ification.,ig further
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SI.2a and Sl1.2a, the respective si ?nal s to be converted SI.3 and SIl.3 by

t he anal ogUlhe wngiegtends tooanpepximate[JADCkmaaway fromh thé airplamendestabic whi ch

range anal ogue-to-digital cqnvertens are.avail ab Iy ery. reasonabl e
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have a frequeseds Bfapphorid 2R Hiknl 3RE§ frob EhdThieFafi A B tic NI ShieredBY VErY
wel | be about 104Hz range, for which relatively si gﬁl e anal ogue-to- digital

convert er s caveredviai 4 amhe sigurbis @aegatoth pEVeNLRd belogoUrr2irctbdt M. 5 shows
schemati cal |y how an aircraf n_airplane may be provided with a
r adar systeelzf\)é%l?) %Rpgpﬁlén%eﬁﬁﬁf@?ﬁ%g%} %9&%%. such that a static zone of
interest is coverelt Rlsdeorvetdlstlgiial zdne Jfistirestis phesalitiopl dfteor siddie zone
extends to r oxi mat e{&);@lo km away fromthe airplane. A static 5 zone of

ap ) . ne ¢ .
i nteredO cmfégeauW@- bezonp gh rterest ppeises ith emmnthstatem rIlinaksoand
extends to approximtely 1.km [ the .aircraft. static zone of
Thterest BRIty <ol b P ot a A G o BB Tt e
aircraft argy coiendslPaRmex it eh b rabdsikinl h Mk Recodist iteféqudddeyiahdal SO
concei vabl e that a zone of interest is present_on either side

one for transmitting continuously a probe signal having a FMCW. In this case

detecting and determining distance of a detected airplane are not mutually

15 exclusive but can be done simultaneously so that also new airborne objects can
be detected when the distance of an already detected object is determined. It is
possible though that zones of interest overlap. Such embodiments are all

understood to fall within the framework of the invention.



10 of the airplane. Each zone of interest requires its own subsystem It is
al so- possible that each subsystem conprises two transmtter antennas,
nanmely one for continuously transmtting a probe signal having a constant
frequency and one for transmtting continuously a probe signal. having a
FMCW In this case detecting and determ ning di stance of a detected
airplane are not nutually 15 exclusive but can be done sinultaneously so
that al so new ai rborne objects can be tetected when the distance of an

al ready detected object is determned. It is possible though that zones of
interest overlap. Such enbodinents are all wunderstood to fall within the
framework of the invention. 14 Clairr%:laigiis Radar systemfor an aircraft for
in use at |east detecting another airborme object within a region
surrounding the aircraft, wherein the system conprises at |east one
subsystem conprising: at- |least one transmtter for 5 transmtting an

el ectromagnetic prgbe_signal ; .a phased array of receiver ofr X

si mul tane_ogsl y repgfaﬁhag‘?t@f# g%t%ﬂgcmﬁg%e%t?%%gﬁfﬁaﬁﬁge%%% %rilc&hﬁi‘ and for
C gener at | agERPRELMIRIwHIARA] Fotbh SHrRAGIRIA SRS fRTEATR, wﬁgﬂm%ers%t&gt ion of
the probe signal; and a signal processing unhit for processing each of the
recei vi ng cangnaks for obtaining information about a detected airborne

object within the 10 region surrounding the aircraft, wherein the subsystem
is arranged to trafkliast Bpe fukpEstem ¢omaprising shileadonedgapsmpdesiynal such

h be.signal foj whi ¢h. i iC wikh
Foapect t ARSI ARR st AR BuReEPE ikt Heel St pbPLE Rl At fstddect by
nmeans of t&en@Rkasesuay raleiting RERCHIBHS 0f ik t12@1s8higRAl prbbe RigCASHINHrMEans an

rborne object in the zone of interest, wherein the signal processing unit
E; - ar r angegeneradistgeretenang ségnals mduch each sepitasent aaetdizedirefectian of them whi ch

direction the receiyved reflection C originates, while the receivers and/or
the si gnal P¥scegRAhg ?t“@’@?lrpéiP??SFW%g%PF@eﬁﬁé‘gﬁﬁ ftthe peesisme so

that the zgng. pf wipehBiheiifARBRIEHAT £a¥U& airborne object within the
10  region surrounding the aircraft,
wherein the subsystem is arranged to transmit by means of the
_transmitter the probe signal such that the probe signal covers a zone of interest
which is static with respect to the aircraft and wherein the subsystem is |
arranged to detect by means of the phased array of receivers and the signal
15 processing means an airborne object in the zone of interest,
wherein the signal processing unit is arranged to determine the
direction relative to the aircraft, from which direction the received reflection
Q originates, while the receivers and/or the signal processing unit refrain from
scanning the zone of interest so that the zone of interest is observed as a whole.
20 2. Radar system according to claim 1, wherein the subsystem is
arranged to transmit the probe signal such that the probe signal continuously
covers the zone of interest.
3. Radar system according to claim 1 or 2, wherein the signal
processing unit is arranged to determine a direction relative to the aircraft,
25 from which direction the received reflection of the probe signal originates,
irrespective of the position of the detected airborne object within the zone of

interest so that the zone of interest is observed as a whole.



20 2. Radar system according to claim1l, wherein the subsystemis arranged
to transmt the probe signal such that the probe signal continuously covers
the zone of interest. 3. Radar systemaccording to claim1l or 2, wherein the
signal processing unit is arranged to determne a direction relative to the
aircraft, 25 fromwhich direction the received reflection of the probe
signal originates, irrespective of the position of the detected airborne
object within the zone of interest so that the zone of interest is observed
as a whole. 15 4. Radar systen1accordig§ to any of the preceding clains,
wherein the signal processing unit is d@ranged to use digital multiple beam
formng for determning the direction relative to the aircraft, from which
direction the 5 received reflection originates. 5. Radar system according to

any one ofythe preagefing LAl iRor 8 t8iahy dMReHhebMin r@ﬁﬁé'v{?@eﬂéﬁ? %}%és
arranged to performa Fast Fouriter Transtformon a recelving signal for
form ng digghal prockédingeidit indrrabge Rao ase dysitelnmadiipledbargntforming fose of the
preceding clains, wherein 10 the direction of_ the probe signal is static
rel ative tdeterminingdbgrdirectioneplayive ye therauseaitditag Woiath¢ligaEoBthe he

precedi.ng cl ai ng, wher.ein . the signal processing nmeans are arranged for
obt ai ni5ng ]ieﬁ?lggﬁﬁfeﬁgﬁm%? Oélgua‘riltregbti on of a detected airborne object relative

to the airgraft i malad %%%moit%orcﬂhg%%@rbnel@ﬁe ﬁ%@ ] e‘l&ﬁﬂ%,%ﬁé&feﬁh ng to
claim7,wherein the signal processing nmeans are arranged for obtaining

i nf or mat i othecfigmaldpiroeesding wfit & alehegeddo pairfomaradade Wooeier dlranisfoent ont he
aircraft in at | east t di nensi ogis., ? di?l’ system according to any one of
the precedt FRfedVIBE HignaHer dormme diggal muplinle heamghsyst em i s arranged to
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7. Radar system according to any one of the preceding claims, wherein
the signal processing means are arranged for obtaining information of a
direction of a detected airborne object relative to the aircraft in at least one
dimension.

15 8. Radar system according to claim 7,wherein the signal processing
means are arranged for obtaining information of a direction of a detected
airborne device relative to the aircraft in at least two dimensions.

9. Radar system according to any one of the preceding claims, wherein

the at least one subsystem is arranged to transmit the probe signal having a
( , 20 constant frequency.

10. Radar system according to any one of the preceding claims, wherein

the at least one subsystem is arranged to transmit the probe signal having a

Frequency Modulated Continuous Wave (FMCW).

11, Radar system according to claim 10, wherein the signal processing

25  means are arranged to determine a position of a detected airborne object
relative to the aircraft.

12, Radar system according to any preceding claim, wherein the signal
processing means are arranged for obtaining information about a velocity of a
detected airborne object relative to the aivcraft on the basis of doppler

30 information in the reflections of the probe signal.



Frequency Modul ated Conti nuous Wave (FMCW. 11, Radar system according to
claim 10, wherein the signal processing 25 neans are arranged to determ ne
a position of a detected airborne object relative to the aircraft. 12.
‘Radar system according to any preceding claim wherein the signal

processi ng nmeans are arranged for obtaining information about a velocity of
a detected airborne object relative to the aircraft on the basis of doppler
30 information in the reflections of the probe signal. 16 13, Radar system
according to any one of preceding clailés, wherein the transmtter of the at
| east one subsysten1conprises a solid state transmtter. 14. Radar system

accordi ng any ecedin ei Vv e at
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subsystemis arranged such that in. a first node at | east a probe signal

having a clhst ant Badequastymi scording b angdrend ircedisgamigsyodec:ain ehelast a
duI at ed Contlnuou ve is. transmtted.

probe signal havi a Frequency
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arranged h that i J t he
ai r bor ﬁe object i s tﬁrg &g E{dgélﬁiél i %tn%erbn%e@gﬁ%@@d]%g C?%%né %v%&le‘fjg&g
accordi ng ét%@étﬂbﬁe Js@bsm@ﬁﬂsnaltlhg s@bamm@n irsa fiast andechtlyakt 4 padhd f | n
the first node an airborne object Is detected which 15 approaches the

aircraft, almalaha\bugraecazmt@m eqUeneH h@tlad@p@éteédamdnm Resesendmpdeptte t o
swi tch fr(im tthe fi.rst. m)ags 0 th second 8 & em according to
clai m 10, 1§ast 4 probgsignal havipe, 1ﬁqlg€m:py odplate Hé‘ﬂﬁ}b% t%¥Fs arranged
to transmg., ﬁgﬁ ifRL@be signal corrprl sing the Frequency Mdul ated Conti nuous
ve wherein the Frequency Mdul ated. 20 Continuous Wave conprises a
fTequaocy Isttern Rddanteyseqmaaiceordiagltd claint Liewheidin tRadabsgstetein accor di ng
to any one of the precedi &g cl ai ms, wherein
arranged such that if in the first mode an airborne object is detected, the
airborne object is further detected in the second mode.
17. Radar system according to claim 16, wherein the subsystem is
arranged such that if in the first mode an airborne object is detected which
15  approaches the aircraft, the airborne object is further detected in the second
mode to switch from the first mode to the second mode.
18. Radar system according to claim 10, 11, 15, 16 or 17, wherein the at
least one subsystem is arranged to transmit the probe signal comprising the
Frequency Modulated Continuous Wave wherein the Frequency Modulated.
{ 20 Continuous Wave comprises a frequency pattern which repeats itself in time.
19. Radar system according to any one of the preceding claims, wherein
the radar system comprises a plurality of subsystems for monitoring a firsi
zone 1n front of the aircraft and at least a second zone that is either behind the
aircraft, above the aircraft, or below the aircraft.
256  20. Aircraft, in particular an unmanned aircraft, provided with a radar
system according to any preceding claim.
21. Method for at least detecting another airborne object within a region

surrounding an aircraft, wherein the method comprises



the radar systemconprises a plurality of subsystens for nonitoring a firs.-
zone in front of the aircraft and at | east a second zone that is either
_behind the aircraft, above the aircraft, or below the aircraft. 25 20.
Aircraft, in particular an unmanned aircraft, provided with a radar system
according to any preceding claim 21. Method for at |east detecting another
ai rborne object within a region surrounding an aircraft, wherein the nethod
conprises 17 transmtting an el ectroma%eti c probe signal such that 'the
probe signal covers a zone of interest ich is static with respect to the
aircraft using at |least one transmtter; simnultaneously receiving
reflections of th@tr&ﬁé’ﬁﬁﬂﬁﬂ%&ﬂ oRIcPRfin SR probediifn ARAKIPHH 1T heqA8by i NY
signal s which each represent a received ref?ectl on of the probe signal

usi ng a phageal cveay acbneaf enterest;, whiohcie s$atig wablt hesyfect be the asicvafigissigynal s
for obtaining information  about a detected airborne object within the

regi on surdoBAdl oRe PIRESIMEETaft  using a signal processing unit, and 10
detecting by neans. I ay. i . - i, .

processi ng uni ¢ aniaieeaRE Rl e o RERRE T At 6d Dy Siengl

met hod 5 ur4de gesermRir S Rstetiahgsig 1D Gy Hible edili @6hieeBnt b akadivy@ rbfedtith of
aircraft, fromwhich direction the received reflection originates, while

t he recei veprahd/stgnalhesisg grptiassdooess ohteaginersy efrain from scanni ng t he
15 zone of interest so that the €t(l)ne of .intere g i s .observed_.as a.whol e.

processing each of the receiving signals for obtaining information
about a detected airborne object within the region surrounding the aircraft
using a signal processing unit, and

10 detecting by means of the phased array of receivers and the signal

processing unit an airborne object in the zone of interest,

wherein the method further comprises determining the direction
relative to the aircraft, from which direction the received reflection originates,
while the receivers and/or the signal processing unit refrain from scanning the

15  zone of interest so that the zone of interest is observed as a whole.





