Phased array antenna having integral calibration network and method for
measuring calibration ratio thereof FIELD OF THE | NVENTI ON Thi s invention

relates t rray antennas and in particular to c EEEB&%. f phased
array anpggggs %&?ng field calibration capability. BAC% wgﬁﬁﬁHE

| NVENTI ON The antenna of an active phased array system nust be able to
steer its beamso that the systemcan obfain information about the
surroundings in different directions. It is also desirable that the antenna
suppress signals fromother directions than the direction in which the
systemis currently transmtting and receiving. A phased array antenna

conprises a nunber transmtting/receiving elenents, usually arranged in a
pl anar configuration. Each elenent, or a group of elenents, is driven by a

transmt/- recgive (T/R dul e which controls the phase apd t.he anplitude
of the correspgh?ﬁeﬂ%’rﬁﬂ%%‘hqggnﬁﬁﬁwgﬁt“.‘te. qt??ﬁiﬁ mead) 0'3? alé& e&lhoge rom a
phased array antenna, the si§§aturing calibhraton rafiqthereptpner of sub-signal s,
and each sub-signal is fed to one of the nodul es. The nodul es conpri se

si gnal channel s guiding the sub-signals to the antenna el enents. Each

si gnal channel conprises controllable attenuators or anplifiers and
control | abl e phaseshifting devices for controlling the anplification and

t he phase shift of the nodules. The signals transmtted through the antenna
el enents interfere with each other. By selecting suitable values of the
rel ati ve anpIEEDQF TEIE ENUVENTQN| ati ve phase-shifting between the nodul es
and by utilizing the interference of the transmtted signals, the

di rectional sensThisvnventior reldtes rmbesaarmarantemngpand vl pagcubn ¢ pajibrateammnfi on

in a phased_.arr antenna,. the osi.te..procedure takes place conpared to
transm ssi O?Pasﬁg%ﬁaya%ﬁeé]ﬁlﬁ%haeﬁl%gﬁg c?iéérg}lg%gapgggl%- signal. The nodul es
conpri se signal channels for reception and through these signal channels

the sub-signals are collected in a single point in which all sub-signals
are added to forma single conposite signal. The signal channels for

recepti on aBACKQROUND GPIHE ISVENITIONhase shifters, and the directional
sensitivity of the antenna for reception can be controlled in a

The antenna of an active phased array system must be able to steer its beam so
that the system can obtain information about the surroundings in different directions. It
10 is also desirable that the antenna suppress signals from other directions than the
direction in which the system is currently transmitting and receiving. A phased array
antenna comprises a number transmitting/receiving elements, usually arranged in a
planar configuration. Each element, or a gfoup of elements, is driven by a transmit/-
receive (T/R) module which controls the phase and the amplitude of the corresponding

15 antenna element.
On transmission of a signal from é phased array antenna, the signal is divided
into a number of sub-signals, and each sub-signal is fed to one of the modules. The
- modules comprise signal channels guiding the sub-signals to the antenna elements. Each
signal channel comprises controllable attenuators or amplifiers and controllable phase;
20 shifting devices for controlling the amplification and the phase shift of the modules. The
signals transmitted through the antenna elements interfere with each other. By selecting
suitable values of the relative ampliﬁcaﬁ_on and the relative phase-shifting between the
modules and by utilizing the interference of the transmitted signals, the directional

sensitivity of the antenna can be controlled.



correspondi ng way as for transm ssion, by varying the anplification and
phase-shifting of the nodules. In order to obtain the desired directional

properti agolbhodddsus@ant enna, it is necessary to mnimze pogrsidgodiobe | evel s
of the antenna. To enable |ow side | obe levels with an electrically

controll ed phased array antenna, high accuracy of the anplification and the
phase shift in the nodules is required.-dn practice, this is achieved by
introducing a calibration function in the antenna system Central to the
cal i bration condping ®céprivndanpshasal aredy arfterinagtheaspposise ponédurd tikeo phacof

cabl es, attenuataors, phase shifters, regulators and other par{s in.the
transmi t/ r SCEPRRdCRAFMSIUSSIHR: LAch RSB eePk FERtYEy 2oqubghie i modules

tenper at ur &gmpfiQd sigﬁmhamemﬁre%gﬁm%dqmugﬁ ﬂﬁ@@ﬁg{:ﬁ@h%ﬁelﬁﬁy @ﬁlﬁ%ﬁgn&[@e

calibration procedtre Is required to deternine what controls should be
appl i ed to arheoliecterks imi b/ siegleipp@ntnndwhieb alhswrsignals arebidddnta femde singel

current distributian t he antenna, aperture. For exanple, .if it |

equi r ed ot RAPOHE BREACTRS SEHE ORI IoT BHpa LA sTrenma it Sase
identical, shifferd, ind thef dtéBorhl EdnRBiva bF Hedtintdna Forarbeep®ioh R8h bOcdlit®led ahes 1 n
t he phase shifters. coupled to first and second antenna elenent, -there is a

phase di f f épEpsnendiageahas foe transggrisgien, dut yaaying yheparnpliliqation ead phasetshiféng and
a second anfe qgogdlg nt of +15, then the phase shift signal that is fed to
t he second antenna €l'ement nmust have a phase offset of -15 relative to the

phase shift signabrdeedb bitainithe d¢sired daadtmabpropertiesief the anteong éris atesdapy t he
m smatch in the two phase shifters, Differences petween th np) i tudes of
si gnal s Phde mipiEnige ths sidglobgilevelsyof the apferim d osmahisdew %%nggﬁ?edﬁism’ At ches

0 the gai Neofcall) oRPldd HESR SRHR Rk bl ScaAMAGIANE LERRAERIAIFd the

conpensat e a simlar m y applying diffferent "gain offsets to
t he ant ennaheseestefitia thenaidules it gequigily bn praefiesr, ehiseis sachiemerh be listnedvucingPhased
array antenna ar.chitectures typically include a calibration network, . whose
pur pose | s EBRIGRIHETOR; Bobp GteaRe VpPEaSERIA oo lecsPRSs: SReg dhdbet o
eachant enngofipefRfibn a6 the® valBusl/coniiBdiib®s ©PNEBIdse thtfefudtdrs, PUER 8hifters,
calibration network is shown in US Patent 7,068,218 (CGottl et al.) which

descri bd§ acpdatpsrandi Shercravts de tegranamitireaivmhehannelayvhigh respondngifforeatly aht enna
array, t hatdiﬁ'&gntb Ferﬁ/ﬂe?é%ﬁr%s,afor%agﬁtan%];mﬂ:e]ech%iﬂl atld>at each radio frequency. The

calibration procedurev is required to determine what controls should be applied to the
transmit/receive modules in order to obtain the desired current distribution on the
antenna aperture.

20 For example, if it is required that the phase of the signal fed to all antenna
elements be identical, but it is found duﬁﬁg calibration that, owing to mismatches in the
phase shifters coupled to first and second antenna element, there is a phase difference
between the signals output by a first antenna element and a second antenna element of
+15°, then the phase shift signal that is fed to the second antenna element must have a

25 phase offset of -15°. relative to the phase shift signal fed to the first antenna in order to
compensate for the mismatch in the two phase shifters. Differences between the
amplitudes of signals that are output by different antenna elements caused by mis-

~ matches in the gains of the am‘pliﬁeré coupled to the antenna elements are compensated
for in a similar manner by applying different gain offsets to the antenna elements

30 relative to a given reference antenna element. |

Phased array antenna architectures typically include a' calibration network,

whose purpose is to provide injection of a predetermined calibration signal to’ each



(one coupler per antenna el enent) interconnected and driven by a passive
networ k having a comon feed point. The passive network splits the drive

signal i Ryd BEfsseyer m ned manner so that the signal fegctrﬂLfO@g/Em@&tenna
el ement is known 1 n advance and the phase and gain offsets are known and

predeterm ned. During use, one or nore antenna el enents may becone out of
calibration. This can occur, for exanpl€3-owing to one or nore antenna
el enents being replaced. Since the replacenent antenna el enents wl |

i nevi t abl y dntsn@a Slengt bivd € fHeeT/BninopiilepBhidcasl fodit.tSihar édibRalonatttesrkas
el ements, the original offsets wll not conpensate for slight differences

in the phasbowRdn & Pate 2328 Gidtd o7 ¢f) whish gesesibesspcplitspdomdryieenior R er s
used to feed she %h\?’%% gio%eﬁ %&Pﬁa Erﬁeg e Wb alelnRg a%kﬁm.éo?gé}k S
€ phdase ant enna

typically requires that t conple array be return to the
factory for(one-coaplebpat amtennanelemdat) interemhediéd ahd tdnivenéwy efpgas@ts network s

al so known to. performthe re-calibration procedure in the field, but this
then reqdi MB¥INg 2 £PMBIOR %8% UMW PR RASHVGRPRYPTE ﬁBﬁ'ise EIJ}Q’G Yercded Bie

known for eRehmplasgantb} §d &at ﬁi&%?ﬂﬂ? kdd ioSach ShehnL abmBhek kABwWASH WAk ar €
avail abl e but they require sophistiicated el ectronics and are expensive. US

Pat. No. 7,a068heopigiscaind gaiepifsdts angikanohnswd peedeteiininedt i on procedur e t hat
utilizes, in addition to the operational transmt/receive channels, .also an
auxi 1 ary 1 nj oot BirameEnRiee ARG Bl B HeRE el b RReRutEhce.
Thi s is detghBchad fatsdxBpld) owsBNELHie 6f mbheariéinal@hdme béiakireplastdi Sthee
measures the rati o between signals injected exter.nalkylsg{ (in principle from

1

i nfinitylp tthe replpsempnjastanag elemeatsiyill ipevigblyehayp shgibysdifferent propeitips to the
i brat ed. ' ' ion i
roans. or - arSoieh D oS B e e BH Binaf Yrrfls MICHGROIBERLO Witk Riiatholy On

factory f orinrnke phasbraatligain cariveeristics efi tiespliaay shifftessl ahdcahplifiat used to feed

capability. A nunber of appraqaches for cal iebrat’i .of such ant,ennﬁs nave
been proposSEETNG SRl todhe reptpgsment antenpa elemepise LAfs,fypicarly grquires fpat the

rel ating t QoR{iASE Phaal iR Gidaly Beatch e P RAH B HB] Brelalib@foRfin GRddr s at i on

ratio. OF the many different approaches that are known in the art, all
present |1y featablisinthe newenffsttst lias alae bgown ésperRometheret-hadwatimeprapedaixe Brthal

cal Fbrat | of g4 ol ANy L R08Ebidton AELG tor ikl the HiRiAed R B¢
known for each phase shifter and amplifier. Such calibration networks are available but
they require sophisticated electronics and are expensive. ;
US Pat. No. 7,068,218 Gottl et al. discloses a calibration procedure that utilizes,
20 in addition to the operational transmit/receive channels, also an auxiliary injection
network, whose contribution must be known in advance. This is determined using the
concept of the calibration ratio, which measures the ratio between signéls injected
externally (in principle from infinity) to those injected internally.
Some antennas are factory calibrated. When deployed, the quality of the
25 calibration is tested by one means or another and if the test fails the anteﬁna is sent back
to the factory for recalibration. Other anteﬁnas have field calibration capability. A
number of approaches for calibration of such antennas have been proposed in prior art.
There is a vast literature of prior art relating to phased antenna calibration and
the determination of calibration ratio. Of the many different approaches that are known
30 in the aft, all presently fall into one of two categories. Some methods use an external
calibration signal that is disposed at infinity so that the respective amplitudes and phases

~ of the external calibration signals injected into each antenna element are the same. This,



of the external calibration signals injected into each antenna el enent are
the sane. This,- A - of course, greatly sinplifies the determ nation of

cal i br at i\ 20@ldsguerbut s not feasible when there is insgifiisgndiccPace
bet ween the external calibration source and the phased array antenna, such

as when a phased array antenna is recalibrated in the field. The ot her
approach di sposes the external calibratidn source proximate each antenna
elenent in turn, while ensuring that the distance fromthe external

cal i brat i onfsurseegleat izhplHits ahd detehaietién bs chlittat@neationBut Batot tfaible
external calibration source is exactly aligned taq _the optical center

f
each ant enryéhea)thersri¢ insyHjciens srage drtgeadhe paternahealaaiinactontes agfhe Pb&f@‘g and
phases of Iy GHERhAbeIFA WA Hfe bl Red i SRk athrhidl th AREAN eNna

el enent are sa requires critical and consequently conpl ex
al i gnment and i sTHeobthet apmroadndisposey thadxerpensilibeatioRegiuacepenimat each ai | ed

T/ R nodul e duri ng, ant enna mai nt enance is rqQuti ne_procedure, whj.ch.
requires? r@e%ﬂn%%%?me&hubfur?,h‘@&iﬁﬁ%ﬁﬂag datit ‘?Tﬁlsﬁaﬂﬁe op | ieém%ﬁahﬁrﬁu%ase

shift of thgybtR MRAULRSHR Qebital MEd shie SN HaEeHd BdernBEcAHBARGA solirce is
anplitude and phase of the test signal when it passes the T/R nodul e. The

control si grattly digned & thernpticalecenter efieachantenan ¢lenpent. sHas alse hnsuresrtbatithe t he

T/ R nodul es_can.now be correct.ed so.that. the amli.fication and.t.

phase-shi 1 EePR AP go FRCREEesft e Anudril AP Batiah, Sk B il poch
phase- shi f tantdnfa 8GRIV G intd) blitheqeiads ditiRbll Md doheL@eTyEcoiplet alighnadnt ay
antennas in a production environnent as taught by above-nentioned US Pat ent
7,068, 218 (aodisg bothtimgrqonsygingand §pPASiVE- pl ane wave RF-source is used to

simul ate a poi nt - c AN Ly f ] II:eGt f the
pl ane wave is paﬁég%%l%%to@ft ?t(galt)egr E}ﬁs %’ﬁl{l iea%@%ogtgﬁgqg%lgﬁgmgﬂre r‘g& fog:FlPQar ray
ant enna el gresetdareamehichnreghizess saceliprhtiee of drdariteromnassysiehi. Theemnsifidation iadeéal | y
nmeasur ed phase vyal u t he, signal received hy all aryay antenpa el egents
are identi @ilﬁse_s%%ef @55&@?@%@%9@&@Wéﬁﬁaﬁw%ﬁff;&éﬁan WRHWSG&P% i's

assumed 10 Jyged SEME 1&RkigndINGh&GAdt pREsaE HRNT/R R686H! BhEOGHH 0P SioARR lcbhtélingnd

phase characteristics mgneach pair of antenna el enent and %/R nodul e To be

det er m néd.thaMenuatoes aral thb iphaseoshifiers én thecB'Rsingduales can niew ibe edrreetedrsa thiit st ant

source such,@ asmgliﬁcation and the phase-shift are made to coincide with the desired amplification

and phase-shift.
In accordance with the calibration procedure of plane array antennas in a
production environment as taught by above-mentioned US Patent 7,068,218 (Géttl et
20 al), for example, a plane wave RF-source is used to simulate a point RF-source at
infinity. If the propagation direction of the plane wave is parallel to the bore sight axis
of the plane array, all array antenna elements are in the same phase conditions. This .
means that ideally measured phaée values of the signal received by all array antenna
elements are identicAal‘since each pair of array antenna elements and T/R module is
25 assumed to be identical. The calibration -procedure enables émplitude and phase
characteristics of each pair of antenna element and T/R module to be determined.
When the calibration reference signal is derived from a distant source such as a
satellite, the signal emanates from infinity so that its wavefront is effectively equidistant
from all the antenna elements. It therefore arrives in the same phase at all the antenna
30 eleménts. But it is not always practical to use a distant source for the calibration source,
particularly when space is at a premium as is often the case in field calibration. Prior art

approaches that employ so-called near field calibration are known to feed a planar -



satellite, the signal emanates frominfinity so that its wavefront is
effectively equidistant fromall the antenna elenents. It therefore arrives
in the sappBhARsesdt @l l the antenna elenments. But it i$cRRi@60RYS
practical to use a distant source for the calibration source, particularly
when space is at a premumas is often the case in field calibration., Prior
art approaches that enploy so-called neav-field calibration are known to
feed a planarcalibration signal successively to the antenna el enents. For

exanpl e, USaliBfatioNCsigifal 38dceB4idelfy LioCthe€intéina) eldin®fits 0F05 exampRY -J$ Bhtd No.
calibration arrangenent for a phased-array antenna that determ nes the

phase shi f t&0&h54x tldenrid o disslosesbneardipkhealibrationtarangementedar 8 phesedagradr r ay .
The cal i braf}of, s h&r%tlfglr%é H%?)g%ge ﬁ%&’@é@ﬁ%ﬁﬁ ofthd é]g?x&?tﬁ‘f o} SerBfid 2

cal i bration tone gene e concept reciprocity, the
near fiel d ofahé afrayi Oie palibeatibir sysean ilvbudepl prebe laatedainstive tnear fields end/ @
nodes as wel | hi, case of receive calibration node, .a probe sequent in'gflﬂhy

moves frdm GHETAHAR ARG SENERIORt ACEOTEINSt ethe keReSPh AT TREPRSHE HupFar
condi tions GAbaHER HRodeiRR GRURNADIRN 38 Sranflt ¥ AV ORod & ALREA! [PsElof- )

and transmtting the sane test signal. A receive antenna array has. a
swi t chi ng aecavy eatmationp mpdeda ol pequentialtye mMRFes il eherantmna oddneang rio

connection to,the . neasurenent unit via con

ol | ahl h
ST e ) o et o OERRE Rlo St thupling  FaRlifihs, 3B 20, aptenna A% gna

par amet er s dopiiatomieafibioh teddie And GBS tinp Ot 8aGH tc_%'l:-s[%ﬁdy |2 rdcRRE antenna
appropriate probe locations) by applyi n?. control signals to the appropriate

phase shiof tastay hascd switchmgaamngement, Proiliag appropHate ol -awduledantenag plamess of

whet her ne | el r, far fi [ ' ' f Qr
calibrati o?\crorqjé‘%c\?ﬁgglggit%e %Sﬁ%%@&éa |t3}r?%1§(§edél?) rﬂsaiéltéﬁ g‘% %%ﬁ%&ﬁgﬁ?%ﬁr. \%/r%tl J68 nust
be pr e- assifigiécalibragian hgoahtaehizaes e samy adigied pasnaérsb@hdet andn angditade)t he

field and are .apt. to be inapplicable to a.replacement antenna el enent, so
that if an SRR AR eatheRE-Nedyle dand: aRpropriath @rabeciogatianst Ry ARPRMM 6l s

fraught w tmsftgitﬁfﬁ?éage HAAD R Yiers 2Rl aft{:xﬁlaﬂ)r&.m i bration allows the

cal i bration signa sinmulta neously to all the antenna el enents
from a comon sdursheuldnalsernsunetdt that réegardiedsl ofawhetter aieat Heeld aorefaphfalsé at

I R T TR R T TR RN NN TS
hand, _ calibration values must be pre-assigned to each antenna. These values cannot be
determined in the field and are apt to be inapplicable to a replacement antenna element,
so that if an antenna element is replaced in the field, such an approach is fraught with
20 difficulty.

In summary, far field calibration allows the calibration signal to be fed simulta-
neously to all the antenna elements from a common source and ensures that it will arrive
at the same phase at all the antenna elements; but is not suitable for use in confined
spaces, such. as when re-calibrating antenna elements in the field. On the other hand,

25 near field calibration requires that in order for the exterﬁal calibration signal to arrive at
the same phase at all the antenna elements, it must be fed to each antenna element
sequentially and this requires precise alignment which is time-consuming and
expensive.

It would therefore be desirable to combine the advantages of both approaches so

30 as to calibrate the antenna elements using an external calibration signal that is fed from

a common source that is proximate the antenna elements so as to reach all the antenna



near field calibration requires that in order for the external calibration
signal to arrive at the sane phase at all the antenna elenents, it nust be

fed to eagh R €l ement sequentially and this requi pes/RIRSHES61
al i gnment which is tine-consum ng and expensive. It wuld therefore be

desirabl e to conmbi ne the advant ages of both approaches so as to calibrate
the antenna el ements using an external <@tibration signal that is fed from
a comon source that is proximate the antenna el enents so as to reach all

t he ant ennaddmems simdianedishnechikl yeverheles oavetinhdbesise ot tietttha@xfeptalt he .
fact that the external calibrafjon signal arrives at different phases to
each of t heaimBemEeaRRariat d RiSer orsaeh oRUEPIeRP B sy, a phased
ant enna arrangenent in accordance w th an. enbodi nent of the invention
conpri-ses an array antennaper se, including a plurality of antenna

el ements, a plurality of receiving channels, an injection unit for

i njection mk'hgﬁgabm' I il@{iﬁh i the receiving channels, a point
RF-spurce, csf‘(])cate in a gr ielﬁgigfgﬁe, a di stance nmeasur enent uni t, an
anpl i tude and IO@%ﬂﬁ%ﬁh@eﬁrﬁﬁ&hnwEﬂr&ng%ﬁiénﬁin%_&@rdﬁﬂi&%%hrﬂgmHBdliEnenPGﬁ%_d' ng

to one aspect of the invention, there is provided a nethod for estimating
t he cal i br anyestion gpinprisgs aarrial ahiganppersedinghdmgracpl iealitynef antgming elemenis, af

phased arr aptenna el. t he. d. ¢ Fi.S1.NQg: o H-eCl 1 an. knternal
Cal b at i ng OARNaT eyt G B B R gl YR bR o B GEE el b
el ement ; sah¢lgadeivihg champedstd peindMREXb@Esalocaad iir atfhioficRl gowd, 4 distanae
stationary RF-source to all of the phased array antenna el enents_ so that

di fferent pReASBSMSHt wHb aBamplife apd phase meagwremet it a1d3 data Brocesig umt. ¢ he

antenna ,gl ement SAcchPdilP% 5 aéﬂe”%sék&r oflihd ‘?ﬁf‘eﬁﬁ@ﬁ, h{%r@*i‘sa??évié’éd Bhﬁleﬁféhe{o?a'

calibration signal reacthing t antenna el enents so as conpute an effective
si gnal anplestimdting thatcalibration ramadf aaldctiod phdsed amternizavingeaphiraitaiof phased phase
difference; calculating calibration ratipo as the ratio between the

anpl i t ude GfTayRBER elelaptscthe Mshad RPRIISE%al to the effective signal
anpl i tude of thegpRxkg Ekﬁ]int&ﬁ!al:c (@Hli@%diti?ﬁ@ ﬁérﬁﬂﬁﬁvm%@%%pddﬁﬁﬁtﬁ&e 8@d Phase to

calibration ratios in a formfor ow ng calibration of the active
each antenna element; :

15 sequentially injecting an external calibration signal from a stationary RF-source
to all of the phased array antenna elements so that different phases of the external
calibration signal arrive at each of the antenna elements;

compensating for differences in phases of the external calibration signal
reaching the antenna elements so as compute an effective signal amplitude that would

20 reach all of the antenna elements at zero phase difference;

caléulating calibration ratio as the ratio between the amplitude of the internal
calibrating signal to the effective signal ampiitude of the external calibration signal; and

outputting said calibration ratios in a form for allowing calibration of the active
phased antenna..

25 According to another aépect of the invention, thére is provided a calibration ratio
calculation system for use in calibrating a phased érray antenna arrangement having a
first plurality of phased arréy antenna elements connected to a second plurality of .
receiving channels, an integral calibration signal injection network for injecting
respective calibration signals to each antenna element and an amplitude and phase

30 measurement unit for measuring respective signal amplitude and phase for each antenna

element, the calibration ratio calculation system comprising:



phased antenna.. According to another aspect of the invention, there is
provided a calibration ratio cal culation systemfor use in calibrating a

phased arwayodniisgssna arrangenent having a first plurali pyrafdefeaes array
antenna el enments connected to a second plurality of receiving channels, an

integral calibration signal injection network for injecting respective
calibration signals to each antenna el enént and an anplitude and phase
measurenent unit for measuring respective signal anplitude and phase for
each ant enna el enmobe fdrltispoainiglin did near fieldiod an apertibratof dre phasédearraycnpenngi ng: a

probe for disposing in the near field an aperture of the sed array
antenna ar ARBESRAY PbIITHNE o T cafivabtinpiecH Foma ?twr?rgﬁgrsowsﬁpa |
stationary JffPss@u g;ﬁ&‘seﬁ%nadkr'an%fnn& brnRhasa4 aEpRYH R YBE VG &InRERA & Mch R
respective receiver connected to each of the antenna el enents so that

di f f erent pheasgetsnf elemente w0 ¢hatalifferanti phasedsi drthe exfamial ealibratenatignebetrivsfatt he
ant enna el enent a _signal correction unit for conputing and applying a
respective n:ﬁ%ggfhaiafl%@?ae%&g’egﬁd anplitude difference to the respective
external cali br af digihl sb@édionfuait fePEImmiing @ﬁ@a}@%l?ﬁﬁ%&treé‘pécﬁﬁe pias©Bifferdhca

t

corrected external calibration signal at all of the antenna el ements whose
phase di f f eandrrseplipde diffsrance de the esrackye extemal eglbratipngsignad £p7 eachtanéamnpat i o

processi ng [t .cau d . 1 ' I 1 k ' a
ompl ox nartiabens a8 obfics 8o 888 ool XalibAol Mnal 91 A4t Thidfa
di f f er ence adméhewhodegphasd diffatdnbe aitd agplstudndifferemlcais aeeo;tandt he correct ed
external calibration signal, According to yet ,another, aspect of the

i nventi off t her e 3 SAHTRHATY &¥10a PRSFIHIE LIS FORD'SH el Ty Signali gareetion Uaiipitised
array ant eniufiing"0esRRlkx ARG cAlibiiio! ritl bl dmPhrulla8RAAT Y pRAL NN

el ements connected to a second plurality of receivihg channels, an i ntegral
cal i br at i ordiffergned ofi thi enteinghcalibratmgksigrat rdlatjvedt ithe) coresspaslodtersalomlibtatiani on
signals to ea%r antenna el ement and an anplitude and phase neasurenent unit
for neasuri ‘espective signal anplitude and phase for each antenna

]?! enent, said C@\éo@hﬁh% Qﬂ%&)’&bﬁ{& GSIEBI b5the Gaventibh @ge & ﬁ@?ﬂ@d al dalibR@onear
leld of an aperture of the phased array antenna .
15 system for calibrating a phased array antenna arrangement having a first plurality of
phased array antenna elements connected to a second plurality of receivihg channels, an
integral calibration signal injection network for injecting respective calibration signals
to each antenna element and an amplitude and phase measurement unit for measuring
respective signal amplitude and phase for each antenna element, said calibration system
20 comprising:
a probe disposed in the near field of an aperture of the phased array antenna
arrangement for injecting an external calibration signal from a stationary RF-source to
all of the phased array antenna elements via a respective receiver connected to each of
the antenna elements so that differenf phases of the external calibration signal arrive at
25 each of the antenna elements,
a signal correction unit for computing and applying a respective phase difference
~and amplitude difference to the respective external calibration signal for each antenna
element so as to obtain a corrected external calibration signal at all of the antenna
elements whose phase difference and amplitude difference is zero; and
30 a calibration ratio processing unit coupled to the signal correction unit for

calculating a complex number calibration ratio as the amplitude ratio and the phase



arrangenment for injecting an external calibration signal froma stationary
RF-source to all of the phased array antenna el enents via a respective

recei ver Wwenoeulsessit 0 each of the antenna el ements so t batrfhdéesieet phases
of the external calibration signal arrive at each of the antenna el enents,

a signal correction unit for computing and applying a respective phase

di fference and anplitude difference to tPe respective external calibration
signal for each antenna elenent so as to obtain a corrected external

cal i br at i ondiffeginad ofithedhfermal caliteatiry @gmed relhénett the whnstepbrasmaledlibeationc e
and anplitude _(iii fference is zero; and a calibration ratio processing unit
coupl ed to ¥#¥'signal correction unit for calculating a conpl ex number

calibration ratigc@sdibao M RutthUfigedtalf Be apebntiBR, MRASRIbLIREENCE B atiohe
internal calibrating srgnal relative to the corrected external calibration

si gnal . Accogil rigjetom nEowrk Homgpeatingofespdeéive reakbriatiom signhksr © ¢ashpanderinded a
calibration.signal. injection network for injecting.r ctive calibration
signal s t'o GSRHILA eI AaNARENTT “hangsment Py e A ATE A Phasc e

having an appht Libit fop NHcASRMSE refpasiNeE sighAl atpPlitudt OAnd"BR4sE! fof Jedch Sift€iinave
signal anplitude and phase for each antenna el enent, said calibration

si gnal i nj edement. spid o irationmignakiniggtion nelgyasl camprisiegsd f or i nj ecting an
internal cali braellﬁzgﬂ)o%tgr}@éd (% Hilin “éne!i&ﬂ&ngi CAR S0 Qi%%!ﬂ‘*;oa'séihy ns! 9nal
di vi ders connecte 0 the corporate rfeed; and a plurality of couplers
connect ed telethbis;di vi ders for conveying a fraction of the internal

calibration signal tq respective antenna el enents of the phased array

ant enna ’é’rrangen%ﬁlﬂlfﬁkméf%wﬁé“’é%ﬂrf B‘PIH]FFtth(P iCOTRofate %F@ﬁbi’f&ged array

ant enna a”ange”@gfurﬁﬁ}’_o?go 48 COhMR A BIRE dlviRss ffr BRVSiSPh faBRRPSEm th
time of conponentS and intercon nections of the calibration signal

i nj ecti on niatemel kcabbratiomjsispal togrespeciing enteaha ekhicbtsanfi thg phaspdadrrayoarttérma
corporate feed; sequentially injecting an external calibration signal from
a stationard"RECYUrce to all of the phased array antenna el enents so that

di fferent phaseswhéreby@ @KbRkiBAratio of the phased array antenna arrangement may be
15 determined regardless of physical changes with time of components and intercon-
nections of the calibratioh signal injection network by:
injecting an internal calibrating signal to the corporate feed;
sequentially injecting an external calibration signal from a stationary RF-source
to all of the phased array antenna elements so that different phéses of the external
20 calibration signal arrive at each of the antenna elements;
compensating for differences in phases of the external calibration signal
reaching the antenna elements so as compute an effective signal amplitude that would
reach all of the antenna elements at zero phase difference;
Acalculating calibration ratio as the ratio between the amplitude of the internal
25 calibrating signal to the effective signal amplitude of the external calibration signal; and
outputting said calibration ratios in a form for allowing calibratioﬁ of the active
phased antenna.
| Such a calibration signal injection network fnay be provided integral with a
phaéed array antenna, resulting in a cost-effective phased array antenna arrangement
30 that is amenable to field calibration without expensive and complex alignment

procedures.



calibration signal arrive at each of the antenna el enents; conpensating for
differences in phases of the external calibration signal reaching the

ant enna 6;59@?] as conpute an effective signal anpl IPE:IIIHEZOTOF/ fhieyyoul d

reach all e antenna el enents at zero phase difference; at| ng
calibration ratio as the ratio between the anplitude of the |nternal
calibrating signal to the effective signdt anplitude of the external
calibration signal; and outputting said calibration ratios in a formfor

al 'owi ng cal i br abudiy &hud hee aCthe pRaseh afed adtBines) B 3tecHtigrackin@bighdla fedrto
signal injection network may be provided integral with a phased array
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char ge/ current |s ribution ov r th antenna aperture r ndi.n

desired far® RSCRAEHES 1P ateng PP e besfd@e‘?ﬁ%‘dﬂ?ﬁg"‘%’irtal n
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whi ch are separated fromthe antenna aperture by cabl es and ot her

el ectri cal Q@umpocnmamd byrthe d¢sirest ¢rirreat dismibufion.nese controls is affected by

t he cabl es and nts and ed current dis
o poot Fon ne PR R Seclnd RoWBER B8 BroEH flkndlely diR¥letFReed U8 | o
esti mat e 't hgtigmantthe bblﬁthﬁﬁu@f oﬁ@db'lé%sandr@%ditel&fno%(ﬁﬁﬁddeﬁtsc'@lﬂ@w&ﬁre nllst S

procedure nust be repeated quite often, especially when the anbient
t enper at9r eedmpgEauieqiion; espeeiplly whee the ambientdampgrature chasges sighifisantli gnal s

flow duri ”grlﬁcélla‘?ﬂ—l %ih%tfPJ Jvee “%‘élﬁ A5 "R aﬂxéﬁ??@tugf'qsedgf ltﬁ'égﬁff%!sd Q&@g' on,

are not identica 's to say ere1s a erent path t

for oper at ianmmina pnd dosieg caltbrativn, areenat Sdahtitalr Thati is tte s@ntherepis rapdifferent path
calibration bejn of them The signals used in_the calibration
orocedur e st BECOUGH QRRERICRI REIPORT nhe sonSs Fifs) fRremalinaass BUPRISUGh ¢ he
internal i nafGatioR b&REWAE Kf (e ch constitutes the difference between the

two paths. The gateway between the channel and the internal
15 The signals used in the calibration procedure flow through the channel which is

calibrated and also through the internal injection network, which constitutes the
difference between the two paths. The gateway between the channel and the internal
injection network is implemented by a plurality of couplers located in the-antenna in
one-to-one correspondence with antenna elements. Since signals used in operational

20 modes come and go from/to infinity while those in calibration come and go from/to the
internal calibration network, the difference among various paths must be compensated
for. |

This is done by measuring the ratio between signals flowing over corresponding
paths; In practice, this may be done using various methods such as the automatic

25 network analyzer, the near field test range, or others. The invention employs a horn
since it 1s easily implemented under field conditions.

In accordance with one embodiment, such a method comprises the following
process stages: measuring distance between the phased array antenna and the point RF-
source, measuring antenna allocation parameters, measuring the signals injected by

30 means for internal injecting calibrating signals and the point RF-source, estimating
| configuration of phase fr(')nt. emanated by the point RF-source and phase component of

calibration ratio using regression analysis.



injection network is inplenmented by a plurality of couplers located in the
antenna in one-to-one correspondence with antenna el enents. Since signals

used in apghajdfsay nodes come and go fromto infinity W@'rlﬁz()‘i)?/ﬁ(ﬁ%m'hn

calibration cone and go fronfto the internal calibration networ

di fference anong various paths nmust be conpensated for. This is done by
measuring the ratio between signals flovﬂl%g over corresponding paths. In
practice, this may be done using various nmethods such as the automatic

net wor k anal yzerAs inftiopal abdvel griveatt calibgionanethbdeesablel bach pate i a@ﬁy
enploys a horn since it is easily inplenmented under field conditions.
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15 BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention and to see how it may be carried out in
practice, embodiments will now be described, by way of non-limiting example only,
with reference to the accompanying drawings, in which:

Fig. 1shows a simple calibration signal injection network that may be used with

20 the invention;

Fig. 2 is a block diagram of the phased array antenna arrangement using the
point RF-source for calculating calibration ratio according to an embodiment of the
invention; '

Fig. 3 is a pictorial representation showing the spatial arrangement of the point

25 RF-source and a plurality of phased array antenna elements according to an
embodiment of the invention;

Fig. 4 is a block diagram showing the functionality of a system for calculating
calibration ratio according to an embodiment of the invention; and |

Fig. 5 is a flow diagram showing a sequence of operations for calculating

30 calibration ratio according to an embodiment of the invention.



In order to understand the invention and to see how it may be carried out
I n practice, enbodinments will now be described, by way of non-limting

exanpl e o&by&om\msgﬁilreference to the acconpanying drawi nggq ifho¥bdigdy Fi 9. 1
shows a sinple calibration signal injection network that nmay be used with

the invention; Fig. 2 is a block diagram of the phased array antenna
arr angenent ‘usi ng the point RF-source f-dil calculating calibration ratio
according to an enbodi nent of the invention; Fig. 3 is a pictorial

r epr esent at DETAIDE®D DESOCRIPINIGN OF EMBODEVIENTSf the point RF-source and a
plurality of phased array antenna el enents according to an enbodi nent of

the invention; Flig przﬂndi;ﬂesaoibﬂlleuktlmmmtsmmm@iﬁgm thel pesem matentign ofaya
system for cul at C ion ratio, accordin 0 an enhodi,nment .of the
Thventi on St gndgoSd il Rlireits if e Rt en gnd s s BMEERORE BB TN
for cal cul alh&BinCRkd l?éi%léén@é‘ rfu?&e'rzﬂs %G@ rl:Qbﬁ‘leE@ B UEHRR B oridfe id¥Gtical

I nventi on. DETAI LED DESCRI P MENTS The princi pl es of the nethod

and syst ém eal@nmtsnlhgem@ un&mstppéﬁehthesm@@mngsnvmdyalt@embe@qeesandontmogheo@d Wi th

reference tg th s and the acconpanyin on,, wher ei i ke
ot o once et TS IRSANE BPatd oy ABATAR AT alhaE i Rl e R gt the

el ements. |ihv&fioAgItReEd Heaied that the blscks db avlingBerdlébéhtairethes ingeessari |y
to scale, are gl ven for illustrative purposes only and are not intended to

limt the sékpdedps funstippalentitigmonlyy sushd tdh%éurrwp%l relatipnships batwegasthgs
wel | ot her glggeat h'ToQInt RER&G wgﬁﬁﬁhgsg | 68 %&ﬁgﬁfgicgﬁﬁélatﬁ%méé es

only, such that t unétiona et ween t ntitires ar
shown, rmt HEost h&rsedn;t tpélyasu mm(bamnemateahst mnnly of tixhygsanples palvidedoleshi ps.
Those versed.i tare art s ggr eﬁfﬁ%ce that many of the exanples
provi ded ha?}‘éta tﬁ’ﬁ‘?‘é"eél"t’ gh h may be utilized. Fig. 1 shows a

si npl e cal i brat | BB, $isBOH a sﬁhﬁl@tch%‘raﬂéﬁ WRhk éﬁcﬁéﬂh@@vcﬁktlb'lﬁ@m fa GlaMigter s
11, 12 and 13 interconnected so that a common junction of ividers 11

and 12 ser v@isidass 1d, d3rapdd Atietefcenubctrdi sotthatsk ¢ammmpn jwstiomgf éﬁ dmp@ns 1diagdal
into the neltiMs)err\Kés as a corporate feed point 14 for injecting an input signal into the network.

15 Respective junctions between opposite ends of the divider 13 and respective ends of the
dividers 11 and 12 are connected to similar divider triads comprising dividers 15, 16, 17
and 18, 19, 20. Thus, the dividers 15 and 16 are commonly‘connected at a first end to
one end of the divider 13 whose other end is commonly connected to a first end of the
dividers 18 and 19. The second ends of the dividers 15, 16, 18 and 19 are connected to

20 respective couplers 21 each of which is terminated by a respective termination 26. The
input signal is split initially at the junction between the dividers 11 and 12 and is again
split at each of the respective junctions between dividers 15, 16 and 18, 19. Depénding -
on the values of the dividers, different currents will flow through each of the couplers
21. | -

25 Referringl to Fig. 1 and Fig. 3 together, the calibration signal injection network
10 is interposed between an array of antenna elements 3landa ground plane 25, so that
when a single input signal is fed to the corporate feed point 14 of the calibration
network 10, respective steering signals are fed to each of the antenna elements 31 via
respective phase shifters and amplifiers that are known per se and are not shown in the

30 figures and that can be inductively coupiéd to the couplers 21. The values of the
steering signals fed to each antenna element are predetermined by the values of the

dividers in the calibration network 10 and are thus known in advance.



Respective junctions between opposite ends of the divider 13 and respective
ends of the dividers 11 and 12 are connected to simlar divider triads
conpri si have 15, 16, 17 and 18, 19, 20. Thus, th h4 5 and 16
are conngﬁpéb%%ﬁﬁgﬁted at a first end to one end of the$8?§¥g§§&?g%Whose
other end is comonly connected to a first end of the dividers 18 and 19.
The second ends of the dividers 15, 16,-128 and 19 are connected to
respective couplers 2 1 each of which is ternmnated by a respective

term nation 26. WWhenidhpHhteh0Rdthyi§ &ibtdted Mkinkathkycaibritia kighslt imjectioat ween
the dividers 1 1 and 12 and is again split at each of the respective
junctions beetweknl ey iyt sigpsl is fed imihe rgrporge fesdorainli Hyanshthe ity sigaals of

t he di vi der g f u S.1\M £ 1 o] : O s 21.
Referring: t%"‘?i‘ugg .tﬁj%hgl%a‘%l %r_(t@rg{at %lé\%l% telfrS ,ﬁ%ﬁéﬁgé'a%ro g@%ﬁl Si %lﬁg?&?ﬁpié%% ion
net wor k 10 framiantgepiivedeshed velea ismeasuredyand fthacdresspendihge amplitids Andiphiasa
ground pl ane_25, sq that en a single input signal is fed to the corporate
feed point AFerare flem@ypedyr ati on network 10, respective steering signals
are fed to each gf JREnAHENRE & GIBNE Tallbrhti%h JidBP ARELINE nRRASE, PRiclter s
and anplifiers that are known per se and are not shown in the figures and

t hat can bedjustiuentiiy edqpired tp ensiire that e tgnapd fedsvi2 the cwpleval Liés thef anténsa

teeri i gnal s fed to.each ant | t t er,ni ned .by th
values ot AR 4 kAR iR SR aft e  GhC oG5 i dERE PiekBRn i n
advance. WiedliBftight BNAGed@ baVe,i ButCR! 418 aleafl WS ivilles B tBal doRiRhb@s of geal

injection network 10, an input signal is fed to the corporate feed point 14
and t he Butqslibrasipy signel fnjesiiongnetwekuelitneador ant was & S ravingite drargaIriad.

Any offset jn. { r ect pve i.r i S

measur ed aﬁg&?%gp%b##gg%%nt|ﬂg%ln%#@?%3@&§%% %hg%ek% géﬁgcégggggée%ﬁPned.

| n convent i changesusest bé conipénsated d@bi. MhRtrequires egpasivie Rjrecitdypwhivhthas hist begheci se
adjustnment is required to, ensure that th ghal s fed yigkihe,coupler 21

) e Sj
to the ant eHRYNENdiEnt D& & pfemital darordas thatihs calfratien signalswiecigR T6RYSFKdoes
this requl IdoRhChERS Gyl B 2hhdindCalBldily 30 ReBwnPLibhdtihl HRERARS dich

val ues of the conponent I

the calibration signal 1njection netwrk change
for any ISeaswnitryeisqnot gedquingdtio théamgetion andithis greatly eathees the eornplaxityraf a
| nduce Chan}%l%gedt grrgyhgntlznenggérpasrlggr];ler?tol?awacg gurcﬁ’ansilfll%e%ral calibration signal injection
network.
Fig. 2 shows a phase array antenna arrangement 30 that includes a plurality of
array antenna elements 31, a ground plane (not shown), a plurality of receiving channels
20 32, an internal injection unit 33 for injecting calibrating éignals, a point RF-source 35,
an amplitude and phase measurement unit 36, a distance measurement unit 37 and a
processing unit 38 having a memory 39. Each antenna element 31 is. connected to a
respective receiving channel 32. Signals received by the receiving channels 32 are
measured by the amplitude and phase measurement unit 36 and the measured data are
25 stored in the memory 39 and processed by the data processing unit 38.
Thus, in such an arrangement there are two sources of RF-signals. The first is
the internal injection unit 33 that is coupled to antenna elements 31 and to the receiving -
channels 32, while the second is the point RF-source 35 from which a sphérical wave 40
emanates toward the plurality of the antenna elements 31. Comparison of measurement

30 results of these two signals enables derivation of the so-called phase component of

calibration ratio attributed to the plurality of antenna elements.



changes nust be conpensated for. This requires expensive circuitry, which
has not been shown in Fig. 1 but is essential in order that the calibration

si gnal i%@%&mg&@tmrk shown therein nmay be functi Ona!Pc"i‘ﬁﬁﬂ)'b%dlgﬁlto known
calibration procedures. Such circuitry is not required in the invention and

this greatly reduces the conplexity of a phased array antenna arrangenent
havi ng such an integral calibration sigddl- injection network. Fig. 2 shows
a phase array antenna arrangenent 30 that includes a plurality of array

antenna el ement sStastical GMkodd B afaéa (pﬂé&esﬁh%vmbd i Bhibr @veitibnoknalde ethei ng
channel s 32, an internal injection unit 33 for injecting calibrating
si gnal s, a 9stmationRaceyrAgy de bg gnpronedipyyingtto depcated marswemepiadhat arspariomed 36,

a di stance e i DI 0 i i 13V . y 39.
Each: ant enrih oL Nenpipah Bldnebed B i SRR Moy SN ufEImEY 22
Si gnal s r ea®hnsidered ytableeand aecmeasugedodrdy osdepeBesdion. measur ed by the anplitude
and phase neasurenent. unit 36 apd the neasured da are stored in the
menory 39 and pridé& §1E9d"’soti?e ?Wélagé'F%PgSP’SETe‘ééi’ﬁQO%ﬁ'chﬁﬁfé‘% q“i’lpgﬁgﬁyan
arrangenent, ggm@ﬁﬁaélmeﬁtggqqﬁglec&o%ﬁﬁé ghR@dps. The first is the internal
injection unit 33 that 1s coupled to antenra elenents 3 1 and to the

recei vi ng channelte @acepiiof taibritengetio estimationhsingaghe poiRFsosingrtes iSbastd om
whi ch a spherical ve 40 emanates towar.d the plurality of the antenna
el eront's 310 BT De hanob et RorBub whred suirdes tor P B Rabi s
derivati on RbmlefiRaPRc&iddl 60pdihE I8at GEORRAERandY 1dealedRElativoOd thalphsseadehtrt but ed
to the plurality of antenna elenents. Statistical nethods of data processing

used i n 1Ohiof thesaked. diusephast Eopheancha vigwed an spheeigalatfyit isonile famjield, sepeswi ng
to repeate S f i ght.l wedi r .
geonetri caﬁiugﬁgaﬁ% ]? %E%&’ggﬁieg ﬁg?egglgﬁlglgﬁqtd Z%g’gg"f% er§%l r}]g) 2{1‘} t%%b%:@tﬁ% VAR
consi der ed mixdbiug @retusy dimeson Ded () the onekti@arof Sadkildire ndtgnanlg fhaws t he
spatial arrangenent of the point RF-source 35 and the plurality of array
antenna elenents 31 in the coordinate system The concept of calibration
ratio estimation using the point sourcgzggzézis based on the phase front
havi ng a snmooth and conti nuous spherdsal- ace corresponding to a (1)
geonetrical location of points that are eduidistantly |located relative to

the phasg qgpfresg a;
where: r is the distance from the phase centre of the RF-source,
D is an aperture of the RF-source, and
A is the wavelength of the RF-radiation.
In Fig. 3, the point of origin O coincides with a phase center of the plurality of
20 antenna elements 31. Axis Y coincides with the bore sight axis of the antenna elements
31. As shown above in Eqn. (1), a real point RF-source with aperture 44 may be placed
at a distance of 50 A or greater. |
Turning back to Fig. 2, the signal emanated by the point RF-source 35 and
- measured by the amplitude and phase measurementﬂunit 36 is subject to phase delay at
25 several points: (i) transfer of the spherical wave 40 from the point RF-source 35 to the
antenna elements 31; (ii) “phase shift” at the antenna elements 31; (iii) phase change in
the receiving channels 32. The signal injected by the injection unit 33 into the receiving
channels 32 is subjected to the phase change caused by passing through the plurality of

receiving channels 32, i.e.

30 Pps =Pr +Pcr + @, ' )



of the source. This phase front can be viewed as spherical, if it is in the
far field zones during each i ndependent neasurenent. Even for a real point
RF- sour ¢ i a maxi mum aperture dinension D ~ (4 itions
of far fie\gﬁ?fogb?o\eék%t, nanely that: (or rmn=50 1) ; Whe?)}ej?r/ﬁr“ﬂ);ass/&?ﬁgei

di stance fromthe phase centre of the RF-source, Dis an aperture of the
RF-source, and | is the wavel ength of t-H4-RF-radiation. In Fig. 3, the
point of origin O coincides with a phase center of the plurality of antenna
el ements 3Lyhdii @psYs B NGBS pMisk Wahle@f BRY Roisi Riko@sd $5,0f the antenna

el enents 31. As shown above inh Eqn. (1), a real point RF-source with
aperture Al may ¢@e ipltlacplthsathift chust¢dby evavt tisfer trongthegcent. REwowcagshack to
Fig. 2, the signal ﬁnanated b thﬁ poi nt RF-source 35 and neasured by the
anpl i tude and phasdh@¥ g3t 36 is subject to phase delay at

several points: flis iHhalhifPbn iREartghSElhithiAY &ndO Trom the poi nt
RF-source 35 to e antenna elenents 31; (11) "phase shift" at the antenna
el ement s 531; (iig) iptryhashaigeofithe tha@nileatbrating sighalnnel s 32. The si gnal
injected by the injection unit 33 into the receiving channel s [

32
subj ected 1o t heAbHESE BhEigs e spepyy Hsmetgra Icatsgin e Xgimiing (7P of
receiving change :I')ﬁla’lg%ooﬂdix%&s\gﬁhe: g()% RYCR A 35 2008883 i BR. dase WIﬁ@renigéE;r ed

phase val ue of the point sourc , <p t 1s the phase shift. cause
wave tr ansfmintfRIGeourte3 poilodatddrexactly cethidbhntannd bereasigléane. el enents 31, CR i s

t he phase shift gn the tenna. €] enents 3 and_fi 1S e pha val ue, of
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point RF-source 35 are (0,R 0) in the case where the point RF-source 35 is
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produces a phase difference given by:

where X; Y; Z; are the coordinates of the j-th antenna element 31, and Xps, Yps, Zps are

coordinates of the point RF-source 35.

In the case where the point RF-source 35 is exactly located exactly on the Y-

15 axis, the phase difference is given by:

or (R, J) = 27”[\/Xf +R 42 ¥R} @)

Usually, the antenna element lattice is rectangular with element separation about

M/2. For a large antenna of more than 40 A width, the peripheral elements can have wave

front phases different from vthat of the central element by approximately 8z, but the

20 phase difference between neighboring elements does not exceed 0.18x. The fact that the

phase difference between neighboring elements is orﬂy a small fraction of the complete

cycle. allows for an unwrapping algorithm to resolve the intrinsic ambiguity caused by
arithmetic operations on periodic operands i.e. phases.

An important aspect of the point RF-source test is the use of iterative fitting of

25 the phase fronts for two successive distances R2>R1, finding coordinates of the phase

centre of the point RF-source 35 X ,(R),Y,5(R),Zps (R) for each one with minimum

fitting errors and estimation, and the calibration of ratio phases, according to the basic

equation:

Per () = @ps () — @, () — 0, (J) &)



where X Y] 2, are the coordinates of the j-th antenna el enent 31, and Xps,
Yps, Zps are coordinates of the point RF-source 35. In the case where the

poi nt RF- is exactly |l ocated exactly on the Yayj se
differenc‘zei%s)&g"f‘{%% by: ft(Rj) = XJ 2 +R2 +Z; -RJ (4) EEE%H“'@@“@E@ ant enna

el ement lattice is rectangular with el enent separation about |/2. For a
| arge antenna of nore than 40 | w dth, tl%e peripheral el enents can have
wave front phases different fromthat of the central el enment by
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fronts for tV\% successive di stances R2>R1, finding coordinates of the phase

centre. of t#ehpynir Frg-l1sdhe ealibsafion o calpulptipsystgm 25 pamppgesfagiroba 4, ?(Hne
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stages: perform measur enents and data pr.ocessing. .Fig. 4 is. a block
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shown in Fig. 1. The calibration ratio cal culation system 45 conprises a

pr obe 4610f oant@mgs&mmg&in the near field of an aperture of the phased array
antenna ar rangempil o fif.d flrgd LG ALPALREAL cEald Boablon SiandlofLam,e

stationary RF-source 9) array antenna ele s via a
respective wgcd7vir conntiegeshd apsiging af rebfretiantphana defeemat snds anipliaide

di fferent phases of the external calibration signal arrive at each of the
ant enna el eftHpteace to the respective external calibration signal Tor each antenna element so as to
obtain a corrected external calibration signal at all of the antenna elements whose phase
15 difference .and amplitude difference is zero. A calibratibn ratio processing unit 48 is
coupled to the signal correction unit 47 for calculating a complex number calibration
ratio as the amplitude ratio and the phase difference of the internal calibrating signal
relative to the corrected external calibration signal.
Fig. 5 is a flowchart showing the principal operations required to estimate
20 calibration ratio according to an embodiment of the invention. In somewhat expanded
detail, the sequence of operations includes the following:
| a. inject internal calibrating signal to all antenna elements,
b. measure and store the injected signal (the signal is sampled and digitized by
the receiving channel (32 in Fig. 2) and the amplitude and phase are measured
25 by the amplitude and phase rﬁeasurement unit (36 in Fig. 2))
c. Start the following loop for successive iterations:
i)  place a point RF-source in the working position,
i)  measure the distance between the point RF-source (35 in Fig. 2) and
phase center of the antenna elements (31 in Fig. 2),
30 iii) optionally store measurement data for subsequent retrieval by a
different unit, although this is not necessary if subsequent processing is

carried out either by the same unit or by one coupled thereto,



The calibration ratio cal culation system 45 further conprises a signal
correction unit 47 for conputing and applying a respective phase difference

and anpl“ka@gmﬂkgiﬁrence to the respective external caI%P&g%%@@mﬁkapal for

each antenna element so as to obtain a corrected externa ration
signal at all of the antenna el enents whose phase difference and anplitude
difference is zero. A calibration ratio I$rocessing unit 48 is coupled to
the signal correction unit 47 for calculating a conplex nunber calibration

ratio as the anpli tydeigaatdiérearddtal ifQubegsdt gﬁdd‘egsruegwcseca@ﬁe@ bér thyni diffént
calibrating signal relative to the corrected external calibration signal
Fig. 5is a flowhart #idwi ng the principal operations required to estimate

calibration ratio accordi t o an_enmbodi nt .of e in tion. In sonewhat
expanded detail, tH sgaﬁlgl%tceeano pléoﬁigéagtteivglﬁlg of fer éﬁ‘é’%vet%(gﬁf ol | owi ng: a.

inject internal cakibr atjedithgStgaahl éQibpdting HdmanRsing| tREPBINE RIDsourBAsUHe and
store the injected signal (the signal is sanpled and digitized by the

recei vi ng channel (32 Phﬂﬂﬂdﬂﬂbwgéﬁﬂﬂﬁhe anplitude and phase are neasured
by the anplitude a p it i Lg. 2)) c. Start the
W RS ABLRF Tl HOhl i Ll

followi ng | oop for slcces ace a point RF-source in the
wor ki ng position, iii)) seasgheatiremdnigesuice bet ween t he point RF-source (35
in Fig. 2) and phase center of the antepna _elenents (31 in Fig. 2), iii)
optional ly store suf ﬁ@ﬁFE@QF&“P@FV§Bﬁ§€ﬁﬂ ?“@%W&Peval by a different

unit, al though thisgyisppRE 2 RERRRFUNrdelin SHOREIWSRIndPRARRSI NG is carried
out either by the sanme unit or by one coupled thereto,iv) |oad stored data

i f subsetpuent proce®si myeitsxtzamalicelibrating bignal usirfef the goint Rii-squree) atah¢ oewat e
an approxi mate value of fcR of .wave front, vi) injecting external
calibrating signal usi NgUPABPRYPPY: RFE-source at the current working

position, vii) nmeasyyi Ageatile aflf s@r@fR sifad MogXEQErMAl soUBEH £ &he HéW iWorkingr | NG
measur ement results, . : :
position,
xiii) optionally store measurement data for subsequent retrieval by a
15 different unit, although this is not neceséary if subsequent processing is
carried out either by the same unit or by one coupled thereto,
xiv) load stored measurement data if:subsequent processing is carried out
by a different unit, |
xv) calculate phase front configuration injected by the point RF-source in
20 its new position. This may be done using regression analysis,
xvi) calculate an updated value of the phase component of the calibration
ratio fof the point RF-source in the new position,
xvii) calculate error as weighted difference between two sets of calibration
ratios, -
25. xviii) if error is not less than specified threshold, perform successive iteration
(i.e. branch to 1)); otherwise
d. output phase component of calibration ratio.
This results in a form suitable for allowing calibration of the- active phased
antenna. Thus, typiéally the calibration ratios are tabulated and used to apply

30 corrections to the amplitude and phase of the fractional external calibration signal

applied to each antenna element as explained above.



I X) cal cul ate approxi mate value of calibration ratio, x) place a point
RF-source in another working position, xi) inject external calibrating

si gnal usywpoédigsd@l Nt RF-source at the new worki ng posiptir@ookbiikeimeasur e
and store the signal fromexternal source at the new working position,

xiii) optionally store nmeasurenent data for subsequent retrieval by a
different unit, although this is not nedéssary if subsequent processing is
carried out. either by the same unit or by one coupled thereto, xiv) |oad
st ored nmeasur enRuferiag ao Fig. Qubriekjge fttogetlae s ithgsaks of atarity tveowill lxpitaour
different unit, xv) cal cul ate phase front configuration_ inject by the
poi nt RF- s GQPderalon {ostWosWorkaRg pesiipns(he-Justdyrorierafinne) efsthy @O%S&é &

anal ysi s, ik hoethd Wl CorRimIRARbERPUALY BsiRL ofifierd BBSRORIRANE Hnobih dut®
calibration ratio for the point” RF-source ih the new position, Xvil)

cal cul at e emwisyr massuvemayls. do adcdrilencenesh et embodiment ofeths iobentiahj Bumng on
ratios, xvi.ii) if error is.not less th speci fied threshol d, perfo

successi ve THér d880 r?f_(tf“? é?ahtt’)rfl{-o\% BTG5S %E‘? ugtFﬂ@I o a@?n &f%ﬁf"‘@ﬂtgée The
conponent CIBj_th?Aﬂ B2 BB G0 adstine@ to DRIstable Shlrbford b, & FfBssTeUbriR e i each
al l owi ng calibration of the active phased antenna. Thus, typically the
cal i br at i orsessatn. Gheadnecti@buhiaBédnmad the signabinipphch woeivingt ¢hanselt 2. tHagh

anplitude and phase of the.fracti.onal ex nal calibration signal | i ed
o each. anCUTALPER BN UL e HeL e N6l 2 Rapeaeriei v s Ehpiode PRy °5
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wor ki ng positions (i.e. just two iterations) of the point RF-source, but
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I nvention, during an 1hn age o ratl on process,
cal i brati omndstorégl ement ed. The
The first cycle of the procedure starts from placing the point RF-source 35 into a
working position. A horn antenna used as the point\RF-source 35 is placed in proximity
15 of the bore sight axis of the array antenna elements 31 (that coincides with the ¥ axis in
- Fig. 2). The distance between the point RF-source 35 and the array antenna elements 31
is measured by the distance measuring unit 37, which may be, for example, a laser
rangefinder. Measurement data are stored in data processing unit 38.
| During a subsequent stage of the calibration process at least two measurements
20 of the signal from point RF-source 35 are performed at different locations of the point
RF-source 35 relative to the pluralitonf antenna elements 31. ‘
| As the precise location of the point RF-source 35 on the bore sight axis of the .
-antenna cannot be provided, this uncertainty creates some azimuth/elevation steering of
the calibration ratio estimation. This steering is solved using regression analysis. During
25 the test, the measuféméhts éf signals emanated by the point RF-source 35 and received
by the antenna elements 31 are performed for each antenna element separately. '
The data processing algorithm will now be described. After downloading
measurement data of distance between the point RF-source 35 and the plurality of aﬁay
“antenna elements 31 and allocation data of the array antenna elements 31 into wbrking
30 range of the data processing unit 38 the estimation process of phase front configuration
begins with the first guess of the phase center location point RF-source 35 in the first

position. It is assumed to be (0,R1,0) (see Fig. 2), where R1 is the result provided by the



injection unit 33 is assuned to be stable, therefore f/ is nmeasured only
once for each session. The injection unit 33 injects the signal into each
recei vi n%gth96§2. Each signal passing through the r@gzjﬁf@gmﬁ@@pnel 32
is neasured by the anplitude and phase neasurenent unit . asur enent
data are stored in the nenory 39. To cal cul ate the phase shift at each
array antenna el enment, the |ocation of -tlBe antenna el enent nust be known.
Therefore the paranmeters of the array antenna el enment allocation are

nmeasur ed aniistsicer @asufiig unit’ $7. TheC Fitst @btith Ao b eMibihors tald & Edlamtpd asi ng
the point RF-source 35 into a working position. A horn antenna used as the
poi nt RF- sdoMews:35 j s placed in proximty of the bore sight axis of the
array antenna elenments 3 1 (that coincides with the Y axis in Fig. 2). The
di stance between the pgji,nt, RE-squrce 35. andr arnay ajte el emen 31
i s measured by the ﬁCS&QWe_%ngH?ﬁgléﬁi_tﬁr /%v\hi"gﬁ ?‘r% ngﬁf or exanple, a
| aser rangefinder. Measurenent data are stored in data processing unit 38.
During a subseq : i i . :
measur enent s ofl}\? eogsltg%g?% %5?1%121832&#éﬂﬁ@%ggﬁ?%gggﬁgerrga%grf rtr?égghrl{[RF

di fferent Isoamt B61s thefsetdrel pasitivh usigsRd (R )3 teadabdulated asofollbwspl ural ity of
antenna elenents 31. As the precise |location of the point RF-source 35 on
the bore sight axis of the~antenna cannot be provided, this uncertainty
creates sone azimuth/ el eva®i @ re€rsi(Rg. Of akd vakiBEdlion ratio (7
estimation. This steering is solved using regression analysis. During'the
test, the rreasurlq{gqﬂlta§ .gpal t (P i ROl -and
recei ved by the antenneaﬂé?iﬁﬁl'?ss §§%grﬁge %@%ﬁé?eﬁ%lﬂ%ﬁ?ﬁp&%ﬁ,ﬁoﬁ ?ﬂlgment
separ at el y.spHdre cdatte ptadat decage alf glispldchment 6f theqwiliteRB-asarce 3&drelatifve ao

downl oadi ng neasure t data of distapce be en the.ppin -squrce, 35 and
Chor ol or il Pplpnas bisge ao Redeofan ek mahat are g torthe 2has< dfort B or -y
ant enna gl j r ki h ! i t he
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of the phasRift RH &urd0sPisiupBatt® hdtordtfig fPUrce 35 in the first position. It
is assuned to be (0,R, 0) (see Fig. %), where R is the result provided by

t hedi stance neasuring unit ES'(RBJ?)LH s(kfffwdcgﬁfd'(ﬁiﬁf calibration ratio is

cal cul ated as foll ows: Ps (8)

Then after downloading measurement data of the external calibration in the

second position, the phase front configuration is calculated using regression analysis:

15 @ (R2,7) = 0ps (R2, /) — 0,(7) = Pcr (RL, J) ©)

The fitting algorithm minimizes the value of:

Z[@ (B2~ 0, =X R DY+, - Yoo (R + (2, - Zos(R2D) - Rz] = min
(10)

As a result, the values of phase centre location of the pdint RF-source 35 Xps,

J

20 Yps, Zps are estimated. The phase of wave front for second test point is calculated:

~ 27
0. (R2,j) = —[[\/(X X R + (¥ (R2) +(Z; - 2, (R2)f - RZ] (11)
and a new Valué of calibration ratio can be estimated as follows:

e (R2,1) = 0,5 (R2, ) - 0, (/) - 01 (R2, ) 12)



fCR (R 1J ) (6) Methods of regression analysis enable the phase front
emanat ed by the point RFsource 35 in the second position using <pc (R J),
to be calgyly follows: YT(R 2 >J) = <PPS (R 2 J) ( 1,9
(7) The Bﬁgsg&?ﬂgﬁﬁ at this stage of the algorithmis v§F§h%%gggﬁgﬁ
spherical, but this sphere can be rotated, because of displacenent of the
poi nt RF-source 35 relative to antenna-ﬂ&badside axis. Regression analysis
nmet hods are applied to the phase front, the steering phase offset fTrend
(R2,j) is cal CU"Pﬁeedalﬁ@Q)fago&?m,&Z&w %%fa‘%&l Bhase fbr emeulaiin dg)@hen haRe-fB6Hir ce
35 is updated according to: fPS (R2,j) + fTren ) (g) Then
af t er downl cafigngtioe feuthe rmmt ml&tsalrgec in the fargt positadn. Mqrﬂﬁmln@ thei measyee-

oo P Al 5P BRI e 5 L B

fitting al gﬁéﬂttcbﬂﬁgﬂrﬁlﬂldﬂlé%lchﬁﬁbd\dﬁi e@bssi¢nléhalyds: a result, the val ues of
phase centre | ocation of the point -source 35 Xps, Yps, Zps are

esti mated. The phase of wave front for second test 0|nt is calculated: ft
(R2,j) =4y(X J - X PS (Rpf(RYDPSpLRE).Y2- 4 D ~pgR2(R) | - J | (1§93)and a.
neM/vaIue of callbratlon ratio can be estimated as follows: fCR (R2J) "=fPS
(R2J) - f 1 (j)- J ) thus obtained is used
for calcul ati ng reg‘ﬁés%eﬁé\g)gmgbﬁﬂlgﬁ?lg{ tﬁp{{%ﬁéthe poi nt RF-source in
the first positi After. | oading the neasure nent data relatin
external calibralj ep ?ﬂi lgp(rle gqg?ip §)* aqrr esponRl g_Rq]asef ont
configuration isF%alcﬂ?at si'ng ngr}ssp%%éazaﬁgs(s '@? éD(R J
) YnuU) YCR( 2" J ) (13) The results are now fitted by m nim zing the
value: ft (R\J)-Fihally e dalibfRtién fa'ﬁb)uf; ca‘!&ﬁf@éd (R inftid] fest goiaRR If - 1] (14)

Finally the calibration ratio is calculated for the initial test point: YCR

RI) = <PPS(RI) P, bk jy= 55 &E 13-4 (S5 RY s fﬁ‘ps{lisﬁ%‘psm (13) qs)

10 During subsequent stages, an error vector of @cr is calculated and compared (op.
370) with a predetermined criterion.
This algorithm can be implemented repeatedly or may be terminated. The value
@cr obtained in the previous cycle is used for calculating ¢r.nq in the next cycle.
It will also be understood that the system according to the invention may use a
15 suitably programmed computer or a computer program readable by a computer for
executing the method of the invention. The invention further contemplates a machine-
readable memory tangibly embodying a program of instructions executable by the
machine for executing the method of the invention.
As such, those skilled in the art to which the present invention pertains, can
20 appreciate that while the present invention has been described in terms of preferred
embodiments, the concept upbn which this disclosure is based may readily be utilized as
a basis for the designing of other structures and processes for carrying out the several
pufposes of the present invention. |
Also, it is to be linderstood_that the phraseology and terminology employed
25 herein are for the purpose of description and should not be regarded as limiting.
It is important, therefore, that the scope of the invention is not construed as being
limited by the.illustrative embodiments set forth herein. Other variations are possible
within the scope of the present invention as defined in the appended claims. Other

combinations and sub-combinations of features, functions, elements and/or properties may



During subsequent stages, an error vector of fcRis cal culated and conpared
(op. 370) with a predetermined criterion. This algorithmcan be inpl enented
r epeat edlywoohodiRyoske term nated. The val ue YCR obt ai nedpichisias/Bies 0Us
cycle is used for calculating frrend i the next cycle. It will also be
understood that the systemaccording to the invention may use a suitably
programred conputer or a conputer progra&fhreadable by a conputer for
executing the nethod of the invention. The invention further contenplates a
machi ner eadshl@mes dooyeh angidbleyt efithe gi¢keng chirps ogprasentation b hewl clainmnisn this
execut abl e by the nachjne for executjng the nmethod of the invenjion. As :
such, thoserskir¢lpted apRlieatienapych gmehed ot pew AT IR A G UAerER 18, can
appr eci at e diffgknt\QinitindtidRs BF 8F&Rd {oNhe b RoRBhalGR) Mqll@@elr bipReEnt, bréfter® Of
preferred enbodi nents, the concept upon ich this disclosure is based may
readi | y be natrobier edeqs] m soosi te theoorigihe cthemi.gme algo ofgasted s irsfudad mathsthand
processes for. carrying.out t several purposes of the present invention.

Al so, it5i§“h§“88m§ﬁagﬂﬁﬁﬁﬁﬁﬂgﬁﬁPPPﬂb phraseol ogy and terninol ogy enpl oyed
herein are for the purpose of description and should not be regarded as
limting. It is inportant, therefore, that the scope of the invention is
not construed as being limted by the illustrative enbodi nents set forth
herein. O her variations are possible within the scope of the present
invention as defined in the appended clainms. O her conbinations and
sub-conbi nati ons of features, functions, elenents and/or properties maybe
cl ai med t hrough anmendnent of the present clainms or presentation of new
claims in this or a related application. Such amended or new cl ai ns,

whet her they are directed to different combinations or directed to the sane
conbi nati ons, whether different, broader, narrower or equal in scope to the
original clains, are also regarded as included within the subject matter of
the present description.CLAIMS: 1. A nethod for estimating the calibration
ratio of an active phased antenna having a plurality of phased array
antenna el enents, the nethod conprising: injecting an internal calibrating
signal having a known anplitude and phase to each antenna el enent;



sequentially injecting an external calibration signal froma stationary
RF-source to all of the phased array antenna el enents so that different

phases ofwhhgGsbeynal calibration signal arrive at eachc9fiidi€ofbienNna
el enents; conpensating for differences in phases of the exter naP

calibration signal reaching the antenna el enents so as conpute an effective
si gnal anplitude that would reach all of2lt-he antenna el enents at zero phase
difference; calculating calibration ratio as the ratio between the
anplitude of the internal .calibrating signal to the effective signa

anpl i tude q& gﬁﬁggxternal calibration signal; and outputting said

cal i brationCF inaformfor allowing calibration of the active phased

antenna. 2.; The ' ' . Lo Lteratigns

are porior msd o meagor, B Gl &8 b UPLE D SR L IR ET

accor di ng toplataityiflphagdtbaredyaritdima phoasatse tiepnetred cahpriisigg:cal i bration ratio

of a previous position of the point,RFisgirce is used for gﬁlcula ing the
gn

phase conponent Biectng abinteingh calibrating ggnal hayigg egknonn pyelitde and RBAsSIP Nt

RF-sourca. &ehIheniBlibagyaccording to claim 1, conprising: a. injecting
internal calibrating signal to all antenna elenments; b. nmeasuring and
storing the injestjechtellgmgkbsting ancoegterngli catjbmtion enal/fromt astatiérans Rbysouicg

pl aci ng a poi F-souyrce in the workin 0Sifion,. i asuri t he

Gi ot ance. babvEs AT (hio PR Cr - SUTPECEHEE RE hHoSEeteah FErees ot e SHiFeiina
el enents; i ddlibrafioh Gienal drfide aeadP Bf ¢ iafRhea MaheftsOf fCR of wave front;iv)
injecting external calibrating signal using the point RF-source at the

current worki ng qswepensasimg §or difesencengnt plaskF ofi Bisakexternain elkibeation| sigealr ce;
v ) oL 3 R ERE a5, oL ol a0
cal i brat i ngread¢tpalbdf tHe hmgnidelerpontnht idro pluse differéncehe new
calculating calibration ratio as the ratio between the amplitude of the internal
calibrating signal to the effective signal amplitude of the external calibration signal; and
outputting said calibration ratios in a form for allowing calibration of the active

15 phased antenna. -

2. The method according to claim 1, wherein repeated iterations are performed to

meet a predetermined termination criterion.

3. The method according to claim 1, wherein the phase component of the
calibration ratio of a previous position of the point RF-source is used for calculating the

20 phase component of calibration ratio for a subsequent position the point RF-source.

4, The method according to claim 1, comprising:
injecting internal calibrating signal to all antenna elements;
b. measuring and storing the injected signal;
c. executing successive iterations by:
25 1)  placing a point RF-source in the working position;
il) measuring the distance between the point RF-source and the phase
* center 6f the antenna elements;

iii) calculating an approximate value of @cr of wave front;



wor ki ng position; ix) neasuring and storing the signal fromthe external
source at the new working position; x) calculating the phase front

confi gur ahOhedidabKst €d by the point RFsource in its newp Egﬁudoé)/ 1664 )

cal cul ating an updated value of the phase conponent of the calibration
ratio for the point RF-source in the new position; xii) calculating error
as wei ghted difference between two sets23f- cali brati on ratios; xiii) if
error is not less than specified threshold, perform ng successive iteration
i.e. branch to i); igndirfectiabtektirhdl AIBRAGKE sHHAP QKA tthd poiad RIF$outde0nt that i 0.
5. The nmethod according to claim4, further conprising storing and
retrieving nmeasurenent C%%W%kmg'ﬁ@ﬂm hod according to claim4 or 5,
wherein cal cul ating th&eggﬁlﬁx dd RRG Pﬁblﬂ%&?etrﬁzﬁ@oﬁée done using regression
anal ysis. 7. A conputer prog am conﬁ?ﬂ g conputer program code neans for -
perform ng the nethkdd odlclaﬁlmgxr@r@ahmatea:am ditcalibratibveratipai d programis run
on a corrputer 8. A.conputer pro m as cl ai H}’OE]%Cl aim7 enbodi ed on a

conput er St eadabl e M&Hi B lnSaPR“E I"PUAES BROP PERISHION system for use

in calibrating a phageg;askk Qﬁén@a%ﬁmﬁu §1§ﬂ£%ﬁ&tth@gwn'f‘m@so%}€esét R HERl 1 Y
of phased array antenna el enents connected to a second plurality of

recei vi ng channel s, anwoml@p@ﬂltmal i brati on Si gnal i nj ecti onnet wor k for
injecting respective calibratio S nt enna el enen

ol 1 Lude and” phasBne RSARERERRRIrHg BF Sl o B LR TR g fe "
anpl i tude and- phase fowogaﬁgp@g'nﬁ@pna elenent, the calibration ratio

cal cul ati on system conpri si ng: probe for d| sposing in the near field of

an apertldre of thexbhagééulatmgaﬂieaﬁlﬂ?éﬁrfaoﬁrmﬁ@t}?@élﬁ@ 1pigeted fpye thei prjntRE-

external calibration s%&ﬂgé I{Smo%hﬁ)tnlonary RF-source to all of the
phased array antenna elements via a respective receiver connected to each

of - xi) calculating an updated value of the phase component of the calibration
ratio for the point RF-source in the new position; ‘
xii) calculating error as weighted difference between two sets of calibration
15 " ratios;
xiii) if error is not less than specified threshold, performing successive
iteration i.e. branch to i); and

d. outputting phase component of calibration ratio.

5. The method according to claim 4, further comprising storing and retrieving

20 measurement data.

6. The method according to claim 4 or 5, wherein calculating the phase front

configuration is done using regression analysis.

7. A computer program comprising computer program code means for performing

the method of any one of claims 1 to 6 when said program is run on a computer.

25 8. A computer program as claimed in claim 7 embodied on a computer readable
medium.
9. A calibration ratio calculation system for use in calibrating a phased array

antenna arrangement having a first plurality of phased array antenna elements connected

to a second plurality of receiving channels, an integral calibration signal injection



the antenna el enents so that different phases of the external calibration
signal arrive at each of the antenna el enents, a signal correction unit for
conput i NngwengsaRRBdcYi Ng a respective phase difference angcgibidodbEiest
difference to the respective external calibration signal for each antenna
el ement so as to obtain a corrected external calibration signal at all of
the antenna el enents whose phase differedce and anplitude difference is
zero; and a calibration ratio processing unit coupled to the signal
correction nmwork for inflcting atspactive cadivpdtion sigmddeto eath hnehnoeleneht andiant he
anplitude ratio &md ({ehe phase differenge of the interpal .calibrating ai gnal
relative t cAPPEULS,RRGRRAsE TRSASWEMSPT Bt {95 E4SHHNS FEnaFtverdenah amplifse andon
system for & RrabightéhnlRESRG AhE BMiRAI RNk @él&ﬂﬂﬁ@rﬂ%@%enhé’d&hﬁ%i first
plurality of phased array antenna el enents connected to a second plurality
of receiving chanpwbs forahsponinggn the near fibldatfiaprapsitgnealf thephesed amayratemmak f or
I njecting respecti vte cal.i bration si%nai.g .0 eachl Entenntg.el err%[l}t and a

si gnal neasUFRRERERLRT {UFRPe AR TR ?58‘&?1%‘/‘8 PErAPRURRRTY (O ST d phase
for each anilppnNgie§hesdatraysditéhng aldnitn! VifRA EyRteve FRBNE! Sdrbcted tdERRSS

di sposed in_ the near field of an aperture of the phased array antenna

ar r angement the gatenng elemienty sarthal didersny phases ofrthe exiens galihrationosignal gitsite @nar y
RF-source t I f array antenna elenents via a respective
receiver co%ﬁggkgh% E)eggggl%ﬁ%ﬁgt he antenna el ements so that different phases
of the external gsbhdicaire@ivnainiiifat canputing aatl applghgaf rebpeetiadplenadifidranent s,
a signal correction unif for caonputing and applying.a respective phase

di ff er ent%e AWPmBRHPde dilersan (6 MianEePees ve REeEL paldkraten gignalfan FachAntenat i on
signal for aahbniaf RIRR oBlAIE Mortiod oxtnAhafibiidn CRELL G 6l PRI Mitlnna
calibration signal at all of the antenna el enents whose phase difference
and anpl i t ueddemeiits Mbpspiwse diffeeanos andalmplktatie Bifferénen is zaro;mandr ocessi ng uni t

led to the signal ti it f ' | nb .
ol brati on rat b AL S PRIGE NG SHHEIEhl Piradeneh fIEFHR eGr e
i nternal calaldulaingnd coingR]| mindhedtdakBratin triteo 69 il ainPHuAY trifidahd ¢l phdsat | on

si gnal .
15 difference of the internal calibrating signal relative to the corrected external calibration

signal.

10. A calibration system for calibrating a phased array antenna arrangement having

a first plurality of phased array antenna elements connected to a second plurality of

receiving channels, an integral calibration signal injection network for injecting

20 respective calibration signals to each antenna element and a signal measurement unit for

measuring respective signal amplitude and phase for each antenna element, said

calibration system comprising;:

a probe disposed in the near field of an aperture of the phased array antenna

arrangement for injecting an external calibration signal from a stationary RF-source fo

25 all of the phased array antenna elements via a respective receiver connec_ted to each of

the antenna elements so that different phases of the external calibration signal arrive at
each of the antenna elements, ‘

. a signal correction unit for computing and applying a respective phase difference

and amplitude difference to the respective external calibration signal for each antenna

30 element so as to obtain a corrected e.xternal calibration signal at all of the antenna

elements whose phase difference and amplitude difference is zero; and



11. A calibration signal injection network for injecting respective
calibration signals to each antenna el enent of a phased array antenna

ar rangenggh sp@vishe @ Si gnal nmeasurement unit for neasurgggﬂi @@ﬁ%gye
signal anplitude and phase for each antenna el enent, said calibration
signal injection network conprising: a corporate feed for injecting an
internal calibration signal to said ant€¥na el ements; a plurality of signal
di viders connected to the corporate feed; and a plurality of couplers
connected to thea dalibeibs rhs predRyeg N@itacdupha tofhebighble comdctionalnit for
calibration signal to respective antenna el enents of the phased array

ant enna ar r%ﬁ‘@gﬁm& a opmplaEpyuRbe galibragion gatie as ithe amplifde grue agd fhe phase
antenna arr gRAgIENts [I%%n@?na@'%&%rgﬂigﬁ ﬁa@qa?fiﬁt%sth%oﬁ@é{éd Sﬁlenﬁi‘@aﬁﬁ?aﬁiow th
time of conponents and i1 ntercon ne I Bhs O e calibration signa

i njection nggaadr kK by: injecting an internal calibrating signal to the
corporate feed; sequentially injecting an external calibration signal from

tati RF-sour.ce to all .of the ph ray antenpa el enments.so that
di T1 er ent> phbisesAdH PREOREBRHIectal PEPAR: t9h TrgiaTosErl Voo PrERBRES he

antenna el eeBich aeARERRAIND DT #phdiddl 8N GaRnhA RRASSRRT hd sy @Xtighaal
calibration signal reaching the antenna el’'enents so as conpute an effective.
si gnal anpl| measgeenedid uniiden megserpd respéctioe sighel ampldndmans ghasnfor each ademnaphase
di fference; | cul ati |ibration ratio a he .r.ati o between the
anpl 1 tude: o ETRE 1Y SRR PR GaR bBBRBEert oot ve 'si gna
anplitude of theaest@ianalfeedlfobigédtiag & @iamal aaltbratiépWighhnN@ Saiddantenna
calibration ratios in a formfor allowi ng calibration of the active phased
ant enna. 10 elomemsishased array antenna arrangenent conprising an integra
cal i bration signalyifi i . i ikmq11 43. The phased
array antenna ar?g%%£%€§¥&ggggﬁh@%ék?%ﬁggggﬁ1 f%ﬂﬁgé?g%ﬁ’t(%re is an equal
nunber of phaseda ahurdity aficeuplers eoamentdstoahel dividees Yorngnedyamy e lfsactidal of tHee
phased arr%% antenpg ar rangepent accordingnto clainy;%j erein the

t 101 the p

ernal calibration signal to respective antefina elements o ased array antenna
arrangement;
15 whereby a calibration ratio of the phased array antenna arrangement may be

determined regardless of physical changes with time of componehts and intercon-
nections of the calibration signal injection network by:
injecting an internal calibrating signal to the corporate feed;
| sequentially injecting an external calibration signal from a stationary RF-source
20 to all of the phased array antenna elements so that different phases of the external
calibration signal arrive at each of the antenna elements;
compensating for differences in phases of the external calibration signal ‘
reaching the antenna elements so as compute an effective signal amplitude that would
reach all of the antenna elements at zero phase difference;
25 “calculating calibration ratio as the ratio between the amplitude of the internal
calibrating signal to the effective signal amplitudé of the external calibration sighal; and
outputting said calibration ratios in a form for allowing calibration of the active

phased antenna.

12. A phased array antenna arrangement comprising an integral calibration signal

30 injection network according to claim 11.



integral calibration signal injection network is coupled to each of the
recei vi ng channels 15. The phased array antenna arrangenent according to

claim12,y uring calibration, the plurality of FaEshodhd1Ry; antenna
el enment s |s Iocat in the far-field zone of the point &E éourge 16. The

phased array antenna arrangenment according to claim12, wherein during
calibration, the point RF-source is |ocadd on the bore sight axis of the
phased array antenna.

13.  The phased array antenna arrangement according to claim 12, wherein there is

an equal number of phased array antenna elements and receiving channels.

14. The phased array antenna arrangement according to claim 12, wherein the
integral calibration signal injection network is coupled to each of the receiving

5 channels.

15.  The phased array antenna arrangemeht according to claim 12, wherein during
calibration, the p'lurality of phased array antenna elements is located in the far-field

zone of the point RF-source.

16.  The phased array antenna arrangement according to claim 12, wherein during
10 calibration, the point RF-source is located on the bore sight axis of the phased array

antenna.



