- 1 - Phased array antenna having integral calibration network and method for measuring calibration
ratio thereof FIELD OF THE INVENTION This invention relates to phased array antennas and in
particular to calibration of 5 phased array antennas having field calibration capability. BACKGROUND
OF THE INVENTION The antenna of an active phased array system must be able to steer its
beam so that tfe&PH4PAFEAn obtain information about the surroundings in BffféfeitP#detions. It to 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. clement, or a group
of elements, is driven by a transmit/- receive (Tilt) module which controls the phase and the amplitude
of the corresponding 15 antenna element. On transmission of a signal from a phased array
antenna, the signal is divided into a number of sub-signals, and each sub-signal is fed to one of the

module_s. The moduleéhcécggapargg sggpealnc arlinel%gtuidliglgc% fa%?ﬁ@e@%ls oat%f an en(p&)elements._ .
Each signal channel comprises Controlable atr uaf S gf amplifiers a F e anEnie p dse 20 shifting
devices for controlling the amplification Igre}?ils%%nﬁﬁgslers%ﬁno?&% mega??les, The iransinitted
through the antenna elements interfere with each other. By selecting suitable values of the relative
amplification 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. - 2 - During
reception in a phased array antenna, the opposite procedure takes place compared to transmission.
Each antenna element receives a sub-signal. The modules comprise signal channels for reception and
through these sigREFERaFIdHRINYEN are collected in a single point in which all sub-sip-tab

are added to form a sinaj5GouIRASIAAYRALTNG Sl9nPLUARNSIRBI (aseRlion s samprpe

amplifiers and phase shifters, and the directional sensitivity of the antenna for reception can
controlled in a toRA5EAEmpEN NS teRdhiedibrtiay saahilivthe amplification and phase-shifting

of the modules. In order to obtain the desired directional properties of the antenna, it is necessary

BACKGROUND OF THE INVENTION

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 médulesc 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 amplification 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.



10 to minimize the side lobe levels of the antenna. To enable low side lobe levels with an electrically
controlled phased array antenna, high accuracy of the amplification and the phase shift in the modules
is required. In practice, this is achieved by introducing a calibration function in the antenna system.
Central to the ¢aliBratipnggncept is the compensation of the various contripufions Rfcakles.
attenuators, phase shifters, is regulators and other parts in the transmit/receive channels which
respond differently at different temperatures, for each antenna element and at each radio frequency.
The calibration procedure is required to determine what controls should be applied to the
transmit/receive modul%s in order tto gb&lagn ﬁ]agegesiraed aﬁ%’”eht (iistribgsti%n %‘ct e g%%%nne}aagerture.
20For example, if it is requlﬁll{lg’cﬁﬁ?t the pha%e of the §'ign§lnflead o alPBhtenRa alements be | entical, but
it is found during waliprsdole transwisivg tEanis arstohe slamgne rsseisesshiftdrsigoalplBet tondidsteand
second antenna e&%mﬁws{gﬁﬁ%ab@aeréiﬁgfan&?d%%%ﬁm@ Slonals ouinsiRea ishagtenna

element and a second antenna element of +15, then the phase shift signal that is fed to the second
antenna element¥usdssird 08 gt rhigh allive-tienls haaddadidsitra fedm8lshe first
antenna in order éoreusipesigade ok tkignalishaatels fiothe:dptivphseshifitys abifidkeness fiataeen the
amplitudes of signals (hay aie ooty diferent AneNa elem ente caused mismalihies In the gains
of the amplifiers coupre’cia{lo e antenna elements are compensatedc?gr In a similar manner %y applying.
different gain offsemserpehdingnreyms &efrrasmireatiey (o igy e estehdiset carmeh nhagdeiBing

Phased array antgnpa,asghitgctures typically include a calibration network, whose purpose is to
provide injection of a predetermined calibration signal.to each - g{%enna element and to the T/R

! 3-a
module connected to it BRI ANBIARS AU IEBIRORCTIE PLIRH 758, 2 1B EEH ]t al.)
which descrihes & aalibnstiothedeidedotar lacBrif tiraaaitnays, doamdbipioweddarniténnever ayihthat can be

viewed as a set of RE-couplers (pne_coupler per. antenna glement).in Dpes iven by a
passive network e.cr%%/a%% %)rcl:%(r(rqg"lfolﬁl ?ééeajd%ggﬁ]t. TIhggﬁ)glsg(:\sdl\?gE E%%\%oéggﬁ%ﬁ%%ﬁe?%}%%daﬁéna? in a pre,

determined manméassostifitithéhgigiedrtey iforegiirehnte imzcetentbist is aghesvediPadUEfesBa@ the phase

and gain offsets giauhewnaRdiSisdetmingtla syslomlingMse, ONBLEANBRIan EiaEIRMERNts may
become out of calibration., This occyr, for ex le, owi one or maore antenna elements being
Aot RS he 5

replaced. Since t%"{ﬁ%ePéﬁtnge CarfEIoHE SRARERECHN S %ﬁy ﬁ%%uastﬁ&nﬂ? diffef eEﬁ'operties to
the original antermguilementspthe paitinaltuéfsetsmitiret corhpersatehich stightdidféendthsan the

phase and gain charagteristics.af,ihe Rhaseshifiers.and.anpiiiers.sed.ias dsigeling sigpals to the

replacement antenna elements. This typically requires that the complete phase antenna array be
returned to the faBRPHSPrBreCaMFAtISAeRPBRAP tBetesTRanhah tRRtkRtrdtke feligb&rdiswn to
perform the re-califiatinn-penee iadies the diele, RubBisthRa degriteswrreailatatibnioetwerkéor which
the required offset%%e Ién%\gr{]for each phase shifter and amplifier. Such calibration networks are

available but theﬁequiarepgop Yisticated electronics and are expensive. US Pat. No. 7,068,218 Gatti et

al. discloses &calibratidieproeaineifibtititices; i Sgdiiesetofiiteeoparatibdatorelhsmivireceive

channels, also angixiliai HSRHAN but [KisENesEGARY LA BAUBLDS AW IR AGVRBCE: hbis is
determined using the concept of the calibration ratio, which measures the ratio between signals

injected external §FERESHHIGHEIrBIF it BARSTSEIRIEY FlrsRdnyhEs i@ sk A& tactory
calibrated_ Wher¢leployidd stheatyualippniobthefirst 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 io
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 arn'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 elerent. |
Phased array antenna architectures typically include a' calibration network,

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



25 calibration is tested by one means or another and if the test fails the antenna is sent back to the

faettny for recalibration. Other antennas 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 pha%?(g antenna calibration and he determination of calibration ratio. Of the many different
a

approaches that a SRRGWA 30 in the act, all presently fall into one of two Cg?gé%ﬁ@é{%lgme methods

use an external calibration signal that is disposed at infinity so that the respective amplitudes and
phases external calibration signals injected into eachantenna element are the same, This, -4 - of

course, greatly simplifies the determination of calibration ratig, but is not feasjble. when there is
insufficient spaceaﬁ%ﬂ%g’ﬁrﬁ%t&é?ﬁaﬁ%ﬁfgé’ﬁ% SORRE At h: p%\‘ﬁgeadc%tﬁ)ﬁtgﬁ%’vé’f%&h as
whgn a_phased aﬂawmmém%net@mméd%ﬁhetﬁé_bdwﬂibb dﬁh_mibappm@iﬂmd&ﬁpdmé&_:tfne axternal
calbration source,QIAXITALS. $p4l RRIcOna AR RbiP LAY BIS RORIRG Web fa:igipnee rom the

external calibration source G each antenna element is the same and that the external calibration
source is exactly QR§ oyl ETopteaIE SHBEw) datrcariteripth ¥ iBRENT his aRS BT uesskat the

rGIJSpective arr;]plituggﬁga@b @cﬂﬂﬁ@ﬁsfwdt@iﬁixtqgﬁwbsﬁditga@oﬂgBﬁlklvesinif?cmmgﬂg@?% gnﬁegmﬁ
element are the same, but requires critical and consequently complex alignment 10 and is bot
time-consuminggaﬁtc?r@%eéén fggfer 50 el IR SHRR t%?eé f%?%oa“f’ﬁ%'f%Sgéﬁ?g%d?igﬁoﬁ??tghﬁ%’?ﬂ%ﬁntenance
is a routine proceuhdrthewhisharelgaine sfifectalior dtiowmfitt prademmansystem. The amplification and
phase shift of the Tilt mpgules are Abtaingd Dy -faRsideing s shanas namplitbds and Rigse of the

test signal when it passes the T/R module. The control signals controlling 15 the attenuators and the
phase shifters in ti SRINIBHETER RS NBEREDE EBFretiBer AR capfhand fealiecthSprase-shift

are made to qoingidesplifteihadesiied aapbiicatitntphasesdliithtly diffaeaosdpsarwimthe
calibration procedure of plane array antepnas in ductign environment as taught.
above-mentioned ’Ef%“ﬁv{ag%ﬁ?“?, 8183){?1%%@7%{1 %C? Ea%fsf‘g%ﬁ&%trﬁ%?é?eé] fcﬁ)altaenﬁle)rv%é%get éé%é%ﬁ’ fee is used
to simulate a poirit RE-Beasrcandtgnifiniharat trisive phdatiprstirdfiors ehthanplifieswesed is fadallel to the
bore sight axis ofghe;plane-aitay. @l apAARENRAGIEMeNR AL ThiDR SRAG RhARR.candiigns. This

means that ideally measured phase values of the signal received by all array antenna elements are
identical since edPBLIE A PITHIENITEE BEHESH (Piifehiaciars onssGatberishigelstidal. The
calibration progedsit®lehables-amfitétud® andsphasethnpacteristiesreicakichpaipaianiennaelement

and T/R module g b AGSITREH requin e IRE-ERIRAIANI ErRRcs SANAl S derived from a distant
source s satellite, theé signaf’ emanates from in INity so that its wavetront is e??gctlvely 'equiélrstant from

all the antenna elenisr kagtepbrerekifiivasdrimbi Sama phegébetion trevemiemmselleldrivnts. But it
is not always pragtisalipseahilistaniisostesntes he salikfatiguesource, particularly when space is at a

premium a5 i often thegase W Nek CRIRIPRA E/19 AL RBR PR SR IRt mBIoY pRicalegyear fed
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 antellmz‘is have ﬁel,d 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 arg all presently fall into one of two catégories. 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,



-5- calibration signal successively to the antenna elements. For example, US Pat. No. 6,084,545 (Lier
et al.) discloses a near-field calibration arrangement for a phased-array antenna that determines the
phase shifts or attenuation of the elemental control elements of the array. The calibration system

includes a prolg)|9sRligddEy the near field, and a S calibration tone generatgg AcaRtding e the concept
of reciprocity, the near field calibration prOcedure can be applied to transmit or receive modes as well.

In case of receive calibration mode, a probe sequentially moves from one antenna element to
another, keeping the same coupling conditions (dista'n%é from antenna plane, polarization, orientation

etc.) and transmiging,the samstest sanal, b pseive antenna 1 arkay has a syatching angogemen,
providing approphiaté RE-HSate/antenna efement connaction to the measarament unit via
controllable phasehshiftertaitemrdforetvpace betfickchdhéilsritinnl gohibrtive vas dhendahvepbigndl

parameters (phagg andamplityde) coming fremiersl Rimadule (amdaaRsqRLaLeiprobe locations) by

applying control signals to the appropriate phase shifters and attenuators. It should also be noted
that regardless of whetf8f ritagt iRBreackdfiRep ta bt stisrrial pertbrAtion, soHEH Rreximiisachetwork is
factory-calibrae dnsaiisa ol atiy afiann/altls sasstiie phiethssignadd drenchanienn cdiitgsaovalues

cannot be determined in the field and are apt.to.be inappli | a replacement.antenna element, so
that if an antennﬁoélfgsn{én?a}%hrgfﬁ%nélg |ﬁr?ﬁx§ |Sef8?suc ggﬁggg;%?o{g%ﬁ’ig"'pr%%&z}r?ig%a.&%ﬁ“zﬁoﬁﬁ’%ﬁc’ﬁlty. In
summary, fat fieldxealip Aitnadaitchs apiécelatintatiohesidna ttotsectent aiiitsaéousisutes dlatibeaantenna

elements from a comERQR éggrfe&a@@gﬁm_@ Shatdt will-aarvgardhensame Phgag.atalb bgrntenna
elements; but is not suitable for use in eonfined spaces, such as when re-calibrating antenna elements

in the field. On tHRGIRCIFRAL 2% HEAPRSIPEIIHATRS TEER]IASS AOZE5AYSRYERIRRISE BheBrRt calibration
signal to arrivie ahildestaitheiplasesatftigdhedaniensizelements, it must be fed to each antenna element

sequentially and this reﬂuirles re is§ alj ?rge[t}kwhi%hlis&ime-co uming.and ex ensive.tlt would
therefore be desirable toegoar%%g?ﬁg%tﬁeaa vgntagqsm of B&h%%n Saches so 1:%[1 ng%cgali |l:§'°rn§(t)él the antenna
elements using afTeRBrRantatibiatigresitasalibriion rddieomteninmisiPso Jke anpliisgioximdte the

antenna elementsyagaitPJeAET Al iR ARG AAURSIIEREE 200/OH1 A de aiements
simultaneously, while nevertheless or tk&f%that the external caljbration Si%ﬁlal arrives at

orrecting f
different phases t0€4 Wtﬁétﬁf’%aﬁﬁglﬁe t§° RIS TS ERFIERER IS BBREAG, a phased

antenna arrangethenttamaosraainite plitheashiéorh ddiheehiffofitbdules can now be corrected so that
the amplification 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 (Gottl ez

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 idemictal‘since each pair of array antenna elements and T/R module is

25 assumed to be identical. The calibration Aprocedure enables émplimde 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 -



invention comprises an array antmnaper se, including a plurality of antenna elements, a plurality of
receiving channels, an injection unit for injection of calibrating signals into the receiving channels, a
point RF-source, located in a far field zone, a distance measurement unit, an amplitude and phase
measurement unit and a data processing unit. 10 According to one aspect of the invention, there is
provided a methQP 18 E&tthating the calibration ratio of an active phased diftSHHY40#56! a plurality of
phased array antenna elements, the method comprising: injecting an internal calibrating signal
having a known amplitude and phase to each antenna®tement; 15sequentially injecting an external
calibration signal from a_stationary Itf%source to all of the phased array antenna elements so that

different phases SeHREERRe gL aftisesatiieligitaithirdcana siemsrine EsntakpaRte HERa: No.
compensating forgjiffessricasdnepbapasabibeanarnaldcalibation signatreaciing
elements so as c%g%gntgetgg ggective sign m%l_{'gjde that wauld %(t)hre ch all Ff the anfenna elements

la
at zero phase differenc%; ¢4 cu’féet?r%g (%]ﬂ%?a on rAtio A8 ?Hémrg io' BEtHRAI e ﬁ*?ﬁfbeé’%f the
internal calibratingfsibpaimey tHée vt osignsteamptindte oiptivbekiered|ioaliiorationisignatdand

outputting saidscalifpfatiannabies safae ReRigning, callomtion, Pl eagivaPhasedantaana.

25According to another aspect of the invention, there is provided a calibrationratio calculation system
for use in calibratfiy HFHRERIACEIHES St ARRIFA G SHRsTIM QUG AVRr&Iqsea Aty ol - phassel efray
antenna elementseceivaeetiistiton seedy)ch Pryaditegidacelyingobamnaisoan integialcalibration signal

injection network for ijectiog respective galibratipn sianale to,each anienna,lement andan amplitude
and phase 30 measurerhent nit for measuring fespective sighal am%rfﬁude andaﬁjhélélé, 5P %ch

antenna element Pelarizatipragoantationceich kdomassmigingc e srimintest-signal. Aargrdbe dgeulisposing in
the near field of apaperyresHfitienRNased Ay am@ant% %H%GEH&@RH:@{J&'&@%%%Q aysnal
e

calibration signal from a stationary R1”-source to all of phased array antenna elements via a

respective receivEPUBITHER IS BEERGFRY Writerin soarsHabis e thsttraisnepnaste sete external
calibration signal fetieaibatachzofltheldatennbcejamenignal parsignat ciieetianduaibhiih@emputing
and applying a regpeglive phasediiercnsaand ampliside, diference i o%‘sﬁ fSepeqlve external
calibration signal for each antenna element so as to obtain a corrected externa TGlibration signal at all
of the antenna eléiettda k3wt airseehiicuradaipmatissdifference is zero; and 10a calibration

ratio processing unit Coupla i the;sigaah SR aBHORPIMIIE of whether near field or far filed
calibration is performed, when a calibration network is factory-calibrated, sets of
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 m order for the extefnal calibration signal io 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



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. According to yet another
aspect of the invention there is provided a calibration is system for calibrating a phased array antenna

arrangement hay)lg @Ogg%lplurality of phased array antenna elements CO”E'@F}&%& /go&%gond plurality
of receiving 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 anterifd element, said calibration system 70

comprising: a probe disposed in the near field gf an aperture of the ph sed}\%rr antenn
arrangement for f Tg&?ﬁsgs #@%%%uasﬁ}éa%%tigﬁvgﬁglﬁgisﬁoW 5%%6?1%?&@%9%6 Ec%y?oeﬁf%’fa he
phased array antetibeagdarsignss$ aridv es e siietine plecesvereednntdteantoneaclembtie 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 element so as to obtain a
corrected externAEHINMAERYNOFGHHENV N @ NNntenna elements whose phase difference and

amplitude difference is zera: and.30a.calibration ratio processing unit coupled to the signal correction
it fo calculating & colTALS-A RSN CATBIRMER BB Ts (e Ert T b SHeP e BhaLd s,
difference of the intentiahcatimasisgrs igral asfatmeeo themcbrdertadbxibity af ealipratidensigaad.

According (0 a foyh AeneaLalih, BYERIND.BEIRRIWdsH i callyationisidnal Disgionetwork for

injecting respective calibration signals to each antenna 5 element of a phased array antenna
arrangement haviffy SreiRgIiaaSHfd pricde REUremdetalith BrarfahdifihFeaspactivédignal
amplitude and phasefeneachinmntennspriedaant, saisk ealidtatiaensighodioje aiorpRRBYGHK eamprising:

a corporate f?gd for injecting an internal calilg{a(g'%or&jsiqnaé

g, intemal cal abig.saigantenna cloments, J0g pluraliy of
signal dividers connectéd 10 ?ﬁegcorporaterfeed; and & pf)ur’a ity of (‘:o%plers cohhected to'the

dividers for convesiimepang datiorlibfathen irstérredlaoaitretiphrssid nalcmnadepontivelardénrd phesnénts of the

phased array antgana. aitan0qeeRts, the e &glibration ratio of the phased array antenna
arrangement may be 15 determined regardless of physical changes with time of components and

interconnections of the TAf52%iAR GigHA ifERISRS leahbayjng 4 known amplitude and phase to

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;

cachuIating 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 o another aspect of the invention, there 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 comnected to & 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:



injecting an internal calibrating signal to the corporate feed; sequentially injecting an external
calibration signal from a stationary RFsc'urce to all of the phased array antenna elements so that
different phases of the external 20 calibration signal arrive at each of the antenna elements;
compensating fo(r) (zti(i)f&)e/r%ng%les in phases of the external calibration signal rePachilgg Bh%ﬂag_tenna
elements so as compu({e an effective signal amplitude that would reach all o e ARERAY elements at
zero phase difference;  calculating calibration ratio as the ratio between the amplitude of the
internal calibrating signal to the effective signal amplitlﬂﬁe of the external calibration signal;-and
outputting said calibration ratios in a form for allowing calibration of the active phased antenna.

Such a calibration signel FRREHEBR RO iy B%af)? SRRt PRSI EH AP iénna,
resulting in a costeffestivatpfassdaaraymatenivd edlbngemsnhdXihatdSatheaabRFtedfield walibration
without expensive anl gomplex llgpmaDLRBERINESIa s Iespecii 4L BELIAhYSE o e phpsed amay
antenna, a steering/trac |gg signal is fed to the antenna e erhents and generates a charge/current
distribution over thé areannsleperts e durddfoeninbesssobidsideranlivaibasiten siphagine Fhis |
distribution is govierest iy sedain gerikeis applied to Tx./Rx modules in the corresponding receiving 5
channels which are separated from the antenna aperture by caples and other electrical components.
The determination of th8S&2 ri’f?gﬁcf§)’éff%’éf§8‘i5’ ”?:%ﬁrfgf TS ATSRISHS BAY DS e Bsired
current distributiomd amplitedeadilffaxtioee peabe demeett whichrtiab qidsetidvirsigmtl dorisadiactediserves to
estimate the conieiayign of gables: A st RlerBa SAMRAREALR. RIRRIARSAHES MUskin.pe repeated
quite often, especially when the ambient temperature changes significantly. The electrical paths, over
which signals flovferiemig Weesarbrse differansp aad anaphayda Atlrrsacaris witgtalibration, are not
identical. Thagés to say thesgbsdifaienmathinatisusadier apenstigpaliptspesastathergne used
for maintenance pglrcp%stes - calibr?tion beli)nxg 0 %otf. then%. 15The %gn Is used in tfée calibration
procedure flow th?ould Fhe LRAARTWRIE TS CANDFAtEY AR aa‘?]stg‘;"[h Bdﬁl?ﬁﬁﬂ?e?ﬁ Iﬁjﬁ? i8R network,
which constitutesdiidifferefitbe inttmeleralibetivg signhisiektic gt éwapbated extthelotidibratioand the
internal injection g ork 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 tho8&SRTEaRIPYtRShsE 2RechSiuniny et thsrrdt exmifsichrbivEre the
difference amongsyatiauisipedtibriugtHphassd pengaif@iiar. arranddhisis Moneeby faasiurinigytbe ratio

between signals flgwina, over, carresRonding Raths. Inpraglice 1is ey, P d9ns using. yarious

methods such as'the automatic :
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 io 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



25 network analyzer, the near field test range, or others. The invention employs a horn since it is 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 RE'SQ;%Cz%om %%%Jring antenna allocation parameters, measuring the signals injected by 30
means for internal injecting calibrating signals and the point RE-source, es ARG E8HEGLration of
phase front emanated by the point RE- source and phase component of calibration ratio using
regression analysis. - 10 - As mentioned above, pr§0‘r art calibration methods enable each pair of

array antenna elements and_transmitting/receiving, channels to be calibrated together only..
Replacement of aﬂfiﬁ%ﬂ‘f%\ﬂ{é%ﬁﬁgg#g#&ﬁt&%F&?@)&F@EV/’%FQI tﬁ%ﬁ%ﬁﬁfﬁ‘?‘bﬂ%&éﬁ/ﬁ%‘l@ﬁ%els :

results in a lack ofigadibration. As usually plane wave RF- sources are 5 extremely expensive and

unwieldy, recalibration ir&@ ggl tgoapqg)@%si nsumijng apd expensive. . . It would
therefore.clearly be desjrab?é tlogmake possig%éc?{a]]ﬂ?r%gnlgééﬁgﬁ én@lgﬁ%ég er’ 1sgeecfi;lrﬁldC %‘ rfﬁ%illlﬁr}’/ the
effect of the receititRpchipfEroRcterkaiitritiestirgs iepeativere Hibsatinms Hewbsolatiael anither broadly,

the more impostaridaaitees phifia ey artinn Maeenihatdbedatalsdidescintandhsmalhat follows

hereinafter may be better. understood. Additional details and advantages of the invention will be set

forth in the detailé8 BeSEptich HARTIHBATHIIBE SpprdcrRad Hdmatth BRASEfStofr 8r #E)We learned
by practice of the dlrenemticiai dlcaliBRIBR sIpRS CHRIPITIONQIFK i HRASMVING S In order to

understand the inventioq angho,5er.0ovl (R4 B SRR W' L AFAEIe Smbadimepts il pow be

described, by way of non-limiting example only, With reterence to the accompanying drawings, in
which: . . Fig. 4<&¥8{s a. simple calibration signal. injection network that may be used with 20 the -

invention;  1kig. 2 is adyipekighagramotthRRhasesasp aHebRRBIEIRgEMRNt using the point
RF-scurce for calcuI_atingﬁ)cle&lriggatiopc(r)%ti%racc%%%g dt(t)Oatlg (:C{Fbgding]ent of the invention; ¢ Fig. 3is a
pictorial representation SHOWHG tRe SPRA STPARGEENPS XK BSII SSREY DS Adesinh &F Hirality of
phased array anténteradlenlibrasoacigraling tesperévnbotime rdohths iof/déntipised array antenna
arrangement;
whereby a calibration ratio of the phased array antenna arrangement may be
15 determined regardless of physical changes with time of components 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
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;
~calculating calibration ratio as the ratio between the ampliiu&e 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 calibrati@ri of the active
phased antenna. |
( Such a calibration signal injection network inay be provided integral with a
phased array antenna, resulting in a cost-effective phased array ’anmma arrangement
30 that is amenable fo field calibration without expensive and complex alignment

procedures.



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. S is a flow diagram showing a sequence of
operations for calculating calibration ratio according to an embodiment of the invention. DETAILED
DESCRIPTION OF EMBODIMENTS The principles of the method and system according to the
present inventidP #ay B& Better understood with reference to the drawings S HE A Ehpanying
description, wherein like reference numerals have been used throughout to designate identical 5
elements. It being understood that these drawings whiér are not necessarily to scale, are given for
illustrative purposes only and are not intended to limit the scope of the invention. It should be noted
that the blocks as well PeRsmahese Al R st ey AvsRh detiesangienbna simatisd sy, such
that the functionaitrelattomshigsnhatwesd thenentiies ahergbowrsntatlistitmomnydphisicatemanections
and/or physical relatianships. 0. THes.varsedinyhe:apkahauld appreciate at mapy of e examples
provided have suitable alternatives which may be utilized: Ig. 1'shows a simple ca iBration signal
injection network 29 ¢rasthyy £ertai epefipldarrliad 1o lrviRx1madvdes om e tetresoapding rcosimnen junction

of the dividers 4 1:anshdid SAMEERSGEAIRPIRIM BRChRACHRR HhdRNIDIBF insI@MIPMLSIGRLIRI the
network. 15 Respective junctif%s between opposite ends of the divider 13 and respective ends of the
d

dividers 11 and 1°ERCESHhed i 15 STRTAH AR OE RN S WIS st g Gigtet rv1 hey gablosaApf g 19,
20. Thus, the dividerpdfsanahd Gatke cdesmmbnlyreorimdbadaat a first end to one end of the divider 13

whose other end is comfonbiRRIGIRILIA NS ARG NG ANARISHEANT 19 Jhpsgaand ends of

the dividers 15, 16, 18 and 19 are connected to 20 respective couplers 21 eac which s terminated
by a respective tetHPRitiH 2entrikation of sibis sadspiverfirsircameqoerioRisareshuhadividers 11
and 12 and isjagainrspliital gaeh iR fRsRastivadh Aignsi e twesREividerankes 1iemandh8 19.
Depending on the_values of the dividers, different cyrrents will. flow through each of the couplers 21.
Sketerting to FiTE ST BALG e, THE LTI GInS BT BEHn HEeo e D% EFiBocd
between an arrayanﬁegmanﬁahe‘ﬁegmﬁbralpmcangtddmdi@ﬂaﬁéﬁsya so ghathere is a diffprensigmial is fed to
the corporate feed, pojgt,\4s0fdhe, caliRsatiopRsINerk e rs&gqg@;{ef&esm@eﬁm@gu%s&@dJO each of

the antenna elements 31 via respective phase shifters and amplifiers that are known per se and are
not shown in the S8 Pigfifebeieritidhfibe inductively coupled to the couplers 21. The values of the
steering signals fed to eBghsipnten o€ ipmendditepedsteeniretddy theualdes-aitha divders in the
calibration network,10 are thus known in advance. .- 12 - When an,antenna array is calibrated
using the calibratfs}ﬁ;tgfg%hgﬁ%fegﬁsgn %lé({%g’rk eo,%r?r%pu Js?félﬁ)a irslefé’vé) ’i%’ tr‘;vgl ccrzlérﬁ%r}%tftélﬁee%g? i%oint 14
and the output sigif&isefienbagvisrotighteaaithatdhnseiorae befsene dberddntehpwifdet inlamplitude or

phase from a respgetive deaisd YalupisBeaswed shehihe sougsnandiRgiamplitide Rgknhase

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
pathé; 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 homn
since it is 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 frénf emanated by the point RF-source and phase component of

calibration ratio using regression analysis.



5 offsets are determined. In conventional use of such a calibration signal injection network, precise
adjustment is required to ensure that the signals fed via the couplers 21 to the antenna element are
identical in amplitude and phase. Not only does this require precise calibration as noted above, but it
also means if \@gjze%g(l)g tzgg] components of the 10 calibration signal injection network change for an
reason, e.g. owing 1 cﬁanges in ambient temperature that may induce chgﬁaé]szi’(g&fﬁ(@?éhgths of
connectors, such changes must be compensated for. This requires expensive circuitry, which has not
been shown in Fig. 1 but is essential in order that the &Biibration signal injection network shown therein
may be functional according to knoyn, calibration procedures" Such 15 circuitry is not required in the
invention and this great Srégtf&}}%efn’é]b@&&p‘f&ﬁfgf%%%%% mERgIS TRehie SR mIENTE R ving such
an integral calibratimrsigiahéenje ciieh treetwottng/reckigng shoowela tohizseatitiaeanteatiarastangement
30 that includes plyalibeg! AIRARCRNSISTIEN 2Au8 URUBCBIANG (AL AN L BRI Of
receiving channels 32, an internal injéction unit 33 for injecting cah%ratmg signals, & point RF- source
35, an amplitude dlEskassHivd8ufe ghtainfelbratiaistancesvabz selremevrvanR B7odrRe | processing
unit 38 having a emaeyy39feaahanieniawianeteadiscRANaCtar tad eshRsME recaiviag channel
32. Signals received by the receiving channels.32 are measured by the amplitude and phase
measurement unﬁ‘?‘%‘%ﬁ & M@58UrSd data are 25 stored in the memory 39 and processed by the
data processing unit 38]t woulfihugefors gltadnterdesigpbhnenttiierpaasibwvalinuiegsuedRPtsigaals. The
firstis the mternaf)mcﬂm&m Eﬁé‘éfﬁ:&%%qe‘&f%ﬂ}gBﬁ%ﬂa&é?@ﬁeaﬁésc&’li'bxaaﬁg [ Jeceiving

channels 37, while the second is the point RF-source 35 from which a spherical wave 40 emanates
toward the plurality of tH' Rt TESIBRsR e ed calpdnesto s sadgreprertrelais srehdse two

signals enables devemtionobibe secalledphiasesemponantebralibrationsaiisatibuiss tadthe

pluralty of antenga elements, 4 18, Sialstieal meihods. of daja processing ysed in hfs invention
enable the estimation accuracy to be improved owing to repeated measuremants fHa erformed at

slightly different ghofstarichi congiionsnigrras pibiceppbycidtedifijentibn destrB8iercocomsidered stable
and are measuregl only BPEEREE$2$/ARventiohIg- 3 shows the spatial arrangement of the point
RF-source 35 and the plurality of array antenna elements 31 in the coordinate system. The
concept of calibration ratio estimation using the point source test is based on the phase front having a
smooth and continuous spherical surface corresponding to a geometrical location of points that are

equidistantly lgcaggd ¥l vecR iPEIRNASHFCLAN DR Ohthespurce. This phase front can be viewed as
spherical, if it is in the far field zones during each independent measurement. Even for a real point

RE-source 35 having a bhasdiuim @seratarddidnsioion {ag 1o tirs domditiory defanGeldoatemmet,
namely that: r> (33}, (bnbodiments will now be described, by way of non-limiting example only,

with reference to the accompanying drawings, in which:
Fig, 1showsa 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. § is a flow diagram showing a sequence of operations for calculating

30 calibration ratio according to an embodiment of the invention.



(or r111i"=50 2); where: r is the distance from the phase centre of the RP-source, D is an aperture of
the 1U-source, and A. is the wavelength of the RFradiation. 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 Eqgn. (1), a real point RF-source with aperture 42
may be placed 5P A%APHEREE of 50 X or greater.  Turning back to Fig. 2, RA&Eigi&i%8HEnated by the
point REsource 35 and measured by the amplitude and phase measurement unit 36 is subject to
phase-delay at 25 several points: (i) transfer of the spH@rical wave 40 from the point RF-seurce 35 to
the antenna elements 3@@ "phase shift" at the antenna elements 31; (iii) phase change in the

receiving channeRBbA Bﬁ§ﬁ%‘éﬁ%§’%@%}é@ﬁl}m% into the receiving channels 32 is

subjected to the phase gfiangs Gatsed Y RassINGINOUH heRlra!irl prcehing shapnsls 32, ie.
36C 19 PS = ST PGA C91 - 14 - where: Q,Ps is the measured phase value of the point RF-source

35, or is the phasReIffieE anderstenA WAt efeisare ordn draviam AR SO EEBEN G N S ARTBHAR elements

31, wherein like reference numerals have been used throughout to designate identical
5 elements. It being understood that these drawings which are not necessarily to scale, are
given for illustrative purposes only and are not intended to Iimit the scope of the
invention. It should be noted that the blocks as well other elements in these figures are
intended as functional entities only, such that the functional relationships between the
entities are shown, rather than any physical connections and/or physical relationships.
10 Those versed in the art should appreciate that many of the examples provided have
suitable alternatives which may be utilized.

' Fig. 1 shows a simple calibration signal injection network 10 having a triad of
dividers 11, 12 and 13 interconnected so that a common junction of the dividers 11 and
12 serves 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. | o
25 Reffcning to Fig. 1 and Fig. 3 together, the calibration signal injection network
10 is interposed between an array of antenna elements 31 and a ground plane 25, so that
when a single input signal is fed to the c‘orporate feed point 14 of the calibration
network 10, respective sieering 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
3¢ figures and thai can be inductively coupﬂéd 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.



cock is the phase shift on the antenna elements 31, and 5is the phase value of the internal calibrating
signal. As shown in Fig. 3 all the antenna elements are located in the X.1 plane (Y=0) and the
polar coordinates of the point RF-source 35 are (0,R,0) in the case where the point .RF-source 35 is
located exactly on the antenna bore-sight axis. Transfer of the spherical wave front 40 from the
point RF-sourc® 3348/ t&fth 10 antenna element 31 produces a phase diftET Q& by: cor(R, j)
=L(X.,_ X ps(R))2 (Y (Z1 - Z-(3) A where XZ., are the coordinates of the j-th antenna element 31, and
X5, Y PS, Z ES are coordinates of the point RF-sourcd 35. ~In the case where the point

RF-source 35 is exactly located exactly on the Y15 axis, the phase difference is given by:
Usually, the antenna elei&ft fRutrHR RefENg laf ek N dbparalifatisosevd. misciomrge

antenna of more hRarR#AR ﬂoyﬂﬁiﬁhpﬂﬂﬁglfaﬂiW%t&lﬂBﬁﬂﬁrﬁﬁﬂfkﬁvgofi;ﬁ@m Hiﬂgﬂiéf‘tﬂﬁﬁ,& @i&ﬁnbent from
that of the central glement b roximately 8n, but the 20 se difference betyween nei oring
elements does no‘ﬁ&%&e‘&&@%ﬁ%ﬁ?ﬁe g%lt]%lhez egtp Sargeeasd%éﬁe’égne%% %é%nmﬁglaﬁ%%%g%éfgments IS
only a small fractisenoftrespectimg kstsirey ot uslis wesdovrad andwira ppirgralgbnighm bt tras give thesdntrinsic
ambiguity caused,lpy.Aithmetic,apgfations 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, findint} COBHEHRA Jpthefphkletsatiatiomes BrthtinreueRrBe STl THErR, Yps (R),
Z ,,s(R) for each anfsitbnminiequiid to ensure that the signals fed via the couplers 21 to the antenna

element are identical in amplitude and phase. Not only does this require precise
calibration as noted above, but it also means if values of the components of the

10 calibration signal injection network change for any reason, e.g. owing to changes in
ambient temperature that may induce changes to the lengths of connectors, such
changes must be compensated for. This requires expensive circuitry, which has not been
shown in Fig. 1 but is essential in order that the calibration signal injection network
shown therein may be functional according to known calibration procedures. Such

15 circuitry is not required in the invention and this greatly reduces the complexity of a
phased array antenna arrangement having such an integral 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 comnected to a
respective receiving channel 32. Signals received by the receiving @hénqeis 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 ixoc’essing 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 fo antenna elements 31 and to the receiving
channels 32, while the second is the point RF-source 35 from which a Sphéricai 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.



fining erwrs and estimation, and the calibration of ratio phases, according to the basic equation:
IPCRCI) = (71 PS (j)-- 1 (i)- (i) - 15- As noted above the method of calibration ratio estimation
includes two stages: performing measurements and data processing. Fig. 4 is a block diagram
showing the functionality of a calibration ratio calculation system 45 for use in calibrating a phased
array antenna HPAGEHEAL 30 such 5 as shown in Fig. 1. The calibration rB&HE2168(AMeH system 45
comprises a probe 46 for disposing in the near field of an aperture of the phased array antenna
arrangement for injecting an external calibration signal¥rom a stationary RE-source to all of the
phased array antenna elements via a respective receiver connected to each of the antenna elements
so that different phasesXAtitaxiBradsanbrSatn Bigeessiagivescs daciist iReriamemileettments.

The calibration radigifalioul atiRiasy $cs® tipfovilesaamprispar Sidpaleoreelion: Wit dffan&omputing
and applying a respective se difference and litude difference, to the respective external
calibration signal%osrﬁég%é% (gg%enrﬁ GEHES s%)%cgpg))%gb%é%gas 86??’5%%%%%%??45%&%3?&[? *Eignal at all
of the antenna elemedtsed/bloble pivhar tBadiffedenéemndmmwelisice difference is zero. A calibration

ratio processing unit 48g, couRled 1019 FI9RALGRIIRGIR MDA RESBIGUIAINGS FRDRIGK HUmMber

calibration ratio as the amplitude ratio and the phase difference of the internal calibrating signal
relative to the corfb®tad alteRIs EamBiadibi dhyiraprdinatesytems a flowchart showing the principal
operations required to eRtvaiecpDozakibibatitem ratio ateaabngiimame pradisasated thedmention. In

somewhat expan%ed #eta’%, t}*{ehseguence of operations includes theLfoIIPWin . a. inject internal
. . . € phase front haying a smooth and continuqus, spherical s CE, COITESNO 1 .
calibrating signal to & antenna e erﬁentss, Mmeasire and store tha |njec%ed sign é-f & |§n%l is
sampled and digitigesdebycthioseidenogantirihel €82evidistapiaingated wiaplicutdetanthpleasetare

measured by fhie amplifde.andipprse MaasureRSRILEIRIY. D 5 Rtat hedolloying loop for
successive iterations: i) place a point RF-source in the working posﬂmgt,é%measure the distance

between the point'BUHE Bt S RRPERY A HALE S dR¥iofothe Haleh LS EPLhAVNG ),

maximum aperture dimension D = (41), the conditions of far field are met, namely that:

2+3)D?
r> g———%— (H
15 (or Prin=50 1),
where: r is the distance from the phase centre of the RF-source,
D is an aperture of the RF-source, and
4 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 measurementvﬁnit 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 T ¢; ' 2)



30iii)ﬁ 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, -

16 - load stored data if subsequent processing is carried out by a different unit, v) calculate an
approximate value of cocR of wave front, vi) injecting external calibrating signal using the point
RF-source at tNe"8&H & vorking position, vii) measuring the RE SigHE#i%%Emal source,

viii) storing measurement results, ix) calculate approximate value of calibration ratio, X)
place a point RE-source in another working position,t&%p inject external calibrating signal using the
point RE-source at the new working position, Xii) measure and store the signal from external source at
the new working P®Siiofes is tRaipsptisehryastordunebdeeie RIGseaTSBSubsequent retrieval by a

15different unit, although thisg npbaceassan:disPIRILRLPFGCESSINGSoint RF-source 35 to

the antenna elements 31,
@cr is the phase shift on the antenna elements 31, and -
5 - @y is the phase value of the internal calibrating signal.

As shown in .Fig. 3 all the antenna elements are located in the XZ plane (Y=0)
and the polar coordinates of the point RF-source 35 are (0,R,0) in the case where the
point RF-source 35 is located exactly on the antenna bore-sight axis. ‘ |

Transfer of the spherical wave front 40 from the point RF-source 35 to the j-th

10 antenna element 31 produces a phase difference given by:

~ 2| ;
o7 (R, J) = T[J(X, = X g (R + (Urg (R))? +(Z, = Z,5(R))* ~ R 3)
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:

@,(R,j)=%[JXj2 +R*+2Z) ;RJ @

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

M2. For a large antenna of more than 40 A width, the peripheral elements can have wave

front phases different from 'that 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

cycléall@ws 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, (R),Zps (R) for each one with minimum

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

equation:

Pcr () = 0ps ()= 0, () — 9, () {5



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-smuce in its new position. This may be done using regression analysis, xvi)
calculate an updated value of the phase component of the calibration ratio for the point RE-source in
the new positiol S&AtC&Tethate error as weighted difference between two SEtE/BREHMEESN ratios,
25xviii) if error is not less than specified threshold, perform successive iteration (Le. branch to i));
otherwise d. output phase component of calibration ratid.-  This results in a form suitable for allowing
calibration of the active phased. antenna. Thus, typically the calibration ratios are tabulated anti used
to apply 30 corrections, f#sthetethibrtigdbcametisiheecstithativacttnsbixasionitiideation siagesl applied

to each antenna elgmeniassemlaingnh @Ry ead¥d20Q94083961PCT/1L2008/)1661 - 17 -
Referring to Fig. 2 and I;}%IS to?ether, %)r the sake of clarity we will limjt consideration to two working

positions (i.e. just two itératiohd) of tHEP oG SRS (Rh SHITHRAHE A SritaHPrEgPoEHepeated
using different posiiodstsn agstensAidothigun crdibtingasplisyae atcy | hateardangenétt Ensesabodiment

of the inventiony chyig,ani inlly| sRcealiiecAlAlRMAtGess. e duisimal calbialonds
implemented. The injection unit 33 Is assumed to be stable, thefefore gir IS measared on y once for
each session. ThéipReins AR 33urfielkiofita arprarars baahrexbiving atemecismeBreht dignal

passing through thgeeeeivinexehannaliBismeasuieshby theiamplitude.and Rhassrmeaguement unit
36. Measurement data are stor%d in the memory 39. To calculate the 10 phase shift at each array

antenna clement, A2 IGERHER &1 RS S (47 i STRRTENE FRISHSE RARHT AR et oth i aifBters of the
array antenna eleshantidsl ocdbignidferenepisuee dfahd stomed! calibration signal arrive at each of the

10 antenna elements.

The calibration ratio calculation system 45 further comprises a signal correction
unit 47 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

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 signél
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 measurement unit (36 in Fig. 2))
c. Start the following loop for successive iterations:
1)  place a point RF-source in the working position,
i)  measure the distance between the point RF-sousce (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

differ@m unit, although this is not necessary if subsequent- processing is

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



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, Yo? #%a3f81 a laser rangefinder. Measurement data are stdiel e Hidcessing unit
38. During a subsequent stage of the calibration process at least two measurements 70 of the
signal from point RE-source 35 are performed at differéft locations of the point RF-source 15 relative
to the plurality of antenna elements 31. As the precise location of the point RE-source; 35 on the bore
sight axi antenna cannot bé*ProVdddiarid deaftahtpRIThBeshing Ayirautedeat Aionlifsemhg of the
calibration ratio estimation. This gigering is solved using regression analysis. During 25 the test, the
ineasurementS of signals emanated by the point RF-source 35 and received by the antenna elements
31 are performed for each é(ﬁten‘f‘?ic\élﬁ;/ﬁf’é’rﬁp?é‘ﬁﬁ%a}ame ofrfier Q54 V5 S%sing algorithm will now be
described. After downoading)meiajudtaig ertetlalacalitistagogchelweian the poimtiFEssavecae 3 and the

plurality of array antenna eleme%srrg:%&t %ggq%llocatlon data of the array antenna elements 31 into

working 30 range of the data processing unlt%%ofﬁéog’stimation prneess of phase front configuration
begins with the first guess olithenplassingéhrdii siamdirpoiextRFabewee 35 in the first position. It is

assumed to be (0,R1,0) (segihitktShnhessuRhiskesagult provided by the WO
2009/083961PCT/1L2008/Q 661 - 18 - distance measuring unit 37. The first estimation of calibration

ratio is calculated as follow®®)  CalCuliie ARBEREITpaIsGrRILE B FAIRIYR BHable the phase front emanated
by the point RP-5 source 3%)in tipasecpoiaiitiskioncasinanhcbigwikipg todigoaalculated as follows:

10 xi) inject external calibrating signal using the point RF-source at the new
working position,
xif) measure and store the signal from external source at the new working
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 for the point RF-source in the new position,
xvii) calculate error as weighted difference between two sets of calibration
ratios, -
25 xviil) if error is not less than specified threshold, perform successive iteration
(i.e. branch to i)}; 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.



Pr (R2,I)= PS (R(i)- ca(Rli I)(7) The phase front at this stage of the algorithm is very close to spherical,
but this sphere can be rotated, because of displacement of the point RF-source 35 relative to antenna
broadside axis. Regression analysis methods are applied to the phase front, the tO steering phase
offset calre",(%j%pia%ﬁgigylated and a new (corrected) phase front of point RF-source 35 is updated

according to: eps = rsl(RZ, ) 97}'a (R2, 1)(8) Then after downloading P45 Hata of the

external calibration in the second position, the phase front configuration is calculated using regression
analysis: 150r (R&D5 (R2,Eh-- cR ( R1, D(9) The fitﬂﬁé’ algorithm minimizes the value of: - Xps( R2, j)
+-Yps (R2,+, Zps (R2,- R2 = min (10% ¢ As a result, the values of phase centre |location of the

&

point RF-source 35 Xp$§w R Bigd 198r06RA9E Be GRS HORT R M B YL Woint
iskited: yr (R2, = eonéifesafoR )2 twp ¢RI 2p6&itidhs( (i-eRidsamaainretiond)ud dicqalibr &iorotatig can he

estimated as follgys; Qck (g aﬁ)ggn\ﬁ‘{n‘?%&%e Ir)ef)%eitég hEirTg(clﬁégrent positions so as to smooth out
noisy measurements. In accordance with an embodiment of the invention, during an
5 initial stage of the calibration process, the internal calibration is impiémented, The
i‘njecti.on unit-33 is assumed to be stable, therefore ¢y is measured only once for each
session. The injection unit 33 injects the signal into each receiving channel 32. Each
signal passing through the receiving channel 32 is measured by the amplitude and phase
measurement unit 36. Measurement data are stored in the memory 39. To calculate the
10 phase shift at each array antenna element, the iocation of the antenna element must be
known. Therefore the parameters of the array antenna element allocation are measured
and stored. |

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 pluralit)}'of 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 measurements éf sigfxals 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 afray
antenna elements 31 and allocation data of the array antenna elements 31 into working

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



(12) The value of cocR(R2,)) thus obtained is used for calculating the phase front configuration for
the point RE-source in the first position. After loading the measurement data relating to external
calibration in the first position, the corresponding phase front configuration is calculated using
regression analysis: 9T(RId)- 95'ps(R1,1).-011(1)-9cR(R2d)(13) The results are now fitted by minimizing
the value: r (R¥GRLOXUEHERI))2 + ( ps (Ri))2- Z ps (R1))2 - Ri(14) Finally tR€ walitwstiorséatio is
calculated for the initial test point: 50"eR= 49ps(R1, .1) -PT(RIi,(X psi, PS1' Z1)) 10During subsequent
stages, an error vector of cat is calculated and compaged (op, 370) with a predetermined criterion.
This algorithm can be implemented repeatedly or may be terminated, The value RN? obtained in the
previous cycle idlisseaddoncaioingtimgtpdividhie fhe retkheticteof calibratibalsoibdsurderkieddithat the
system according g the invention may use a 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 taﬁ?lbly embodying a{)rogg xecttable by the machine

for executing the method ofee fivdrige (RS Slick NGSE‘SE\JI&! i #é A towhhdh the preéent

invention pertains can 20 appreciate that while the present invention has been described in terms of

preferred embodimentsaéip@oncepiddsion arkighsrishisalosuin isdreatdney s9asilyde wilized as a

basis for the deS| nin f otger stru fitures and rocesgb s for carryln out the several purposes of the

present inventiof ‘ng |1“i"st B 5EoNA B8FHSB4 AR AT H)aé%B?o‘iﬂﬁg f’earﬁfﬁ%%@y employed
| 01 R2D)= 05 (R2.1)=0,()cn (1) o

The phase front at this stage of the algorithm is very close to spherical, but this
sphere can be rotated, because of displacement of the point RF-source 35 relative o
antenna broadside axis. Regression analysis methods are applied to the phase front, the

10 steering phase offset ¢,,,.,(R2,j) is calculated and a new (corrected) phase front of

point RF-source 35 is updated according to:
4’725 (R2, ) = @ps (R2, j} + @ppg (R2, ) (8)

Then after downloading measurement data of the external calibration in the

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

5 @1 (R2, ) = 0ps (R2, 1)~ 0, () = @er (RL, /) 9)

The fitting algorithm minimizes the value of:

Z[%(RZ ﬂ“—“\/ X, X o]+, Tm ] 2 G, Zn 0] - Rz]?mm
(10)

As a result, the values of phase centre location of the péint RF-source 35 Xpg,

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

0r (82, )= | O, X5 RO + s ROV +(2; - 2,820 -2 ()
and a new valué of calibration ratio can be estimated as follows:

e (R2,)) = 035 (R2, 1) -0, () = 0 (R2, ) a2y



25 herein are for the purpose of description and should not be recorded 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 the scope of the present invention as
defined in the appended claims. Other combinations and sub-combinations of features, functions,
elements andiBiOFIPERYd may - 20 - be claimed through amendment of RE&/Brog&heIskdims or
presentation of new claims in this or a related application. Such amended or new claims, whether they
are directed to different combinations or directed to thi® same combinations, whether different, broader,
narrower or equal in scope to the original claims, are also regarded as included within the 5 subject
matter of the present dé’hcﬁmmoﬂw@&m) -Bis- StAdddSs fsed foethadulotigstieapingtfesalibration
ratio of an actlvecglﬂﬁ grgt Jlit\] rlt]n% @u@é’ﬁ%lﬁ% rgt |§§SI rrg;gtg}%en%m %%rprgants the method

comprising: Inj ctlng an interna ratlng signal hav krown amplitude an ﬁrase to5
each antenna elé#fgindata rel%@@@mﬁﬁylﬁhé@tmt@n mb@rfalsbanmmrﬁhglgﬁam@ﬁd@&mary

Rl:nsourec to all gfthephasasbatisroigenasienenisisa m@tygl;;ferent phases of the external

calibration signal arrive at each of the antenna elements; the method characterized by;

s @ (RL j) = @ps (RL, )= 0, () = 0 (R2, J) (13) 3=

The results are now fitted by minimizing the value:

o, (RL, )~ _2{.[\/()( = X s RDF + (¥ (R)) +(2Z, — Zps (R)F - Rl]l (14)

Finally the calibration ratio is calculated for the initial test point:
Per(RL J) = 0,5 (RL ) =9, (J) — o1 (Rl’j’(XPSI s Ypsis £ psy )) (15)

10 During subsequent stages, an error vector of @cz 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.ns 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 upon which this disclosure is based may readily be vtilized as
a basis for the designing of other structures and processes for carrying out the several
pufp@ses of the present invention. |
Also, it is to be understood 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 consirued 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



IDcompensating for differences in phases and amplitudes of the external, calibration signal reaching
the antenna elements so as compote an effective signal that Would reach all of the antenna elements
at zero phase rind amplitude differences; calculating complex number calibration ratio as the
amplitude ratio and the phase difference of the Internal calibrating signal relative to the corrected
external 15 ca\Yk?réqP(gfq?é?ﬁﬁal; and  outputting said calibration ratios foF SHE-HEFAMEof phased
array antenna elements in a form ter allowing calibration of the active phased antenna. 2. The method
according to claim li wherein repealed iterations are-g€rtermed to meet a predetermined termination
criterion. 20 3.The method according to claim |, wherein the phase component of he calibration ratio of
a previous positighelteh trmeibursedmas efiths perent alpmgomrgshriseos ok ponatet edbisration naio
for fi subsequenbpqs}t;i%&ah@ppgéaﬁaiz %%u%n&eahﬁ m&me%%%qqmmﬁmgﬁiaéémﬁ@amﬁm:_ ' .
a. injecting interngl_ calibrating signal to all antenna elements; 25ft measuring and storing the injecte
signal; c, executrﬁ*\a’é-%%ccé’é’ét?g‘@ %ﬁﬁﬁﬂ‘geﬁ? i)“’p%%ﬁi‘&‘s ﬁ%ﬂh‘ﬁﬁ‘-’gﬁu\" ARGk R Sition: i)

measuring. the distameer peeq@ﬂmh@)ppimtﬂaﬁﬁgdnﬂmﬂnd the ilesgadrdas ticthé=dnitahinahelements-,
30calculating sartsa@Qgpég&@ttgfs{gé%eggnqg%ﬁgﬁggvo front;



- 22 - iv) injecting external calibrating signal using the point 1W-source at the current working position;
v) measuring the R17 signal from extern& source; vi) calculating approximate value of calibr%' erﬁgio;
5vii) placing ti point RP-source in another working position; viii) inject external calibrating signa Usii g
the paint RP-source at the new working position; ix) measuring and storing the signal from the external
source at the new working position; 10x)calculating the phase 'Front configuration injected by the point
RE- source in its new position; xi) .en Iculating an updated value of the phase component of the
calibration ratio for the point RP-source in the new pgsition; xii) calculating error as
weighted difference between two sets Or Oki' live! ion 15ratios; xiii) if error is nor less than specified
threshold, perfhnnirig successive iteration i.e. branch to 1); and d. outpu ng ;phase component of
calibration ratio, S.Ehamssthod according to claim 4, further comprising storing rind 'thieving 20

measurement data, 6. The method according 10, 6lglM4 65w asisin Galsuiating e Rhase front
configuration is done using regression ana)gss. . '
a plurality of phased array anténna elements, the method comprising!

injecting an internal calibrating signal having a known armplh:ulde and phase 1o

5 each antenna element;

sequentially injecting an external calibration signal from a stationury RF-sotrce
to all of the phused array antenna slements so that different phases of the external
calibration signal arrive at each of the antenma clements;

the method characterized by:

10 compensating for differences in phases and amplitudes ol the external,
calibration signal reaching the antenna elements so as compuke an offective signal tht
would reach all of the antenna slements at zero phase and ampiilude differences;

culculating complex number calibration ratio as the amplitude ratio and the
phase difference of the Internal calibrating signal refulive (© the correcled extermnal

15 calibration signal; and

outputting said calibration rutios for said plurality of phuged armay anltenna

elements in a form for allowing calibration of the active phased antenna,

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

meet a predetermined termination criterion.

a3 The method according to claim I, wherein the phase component of the
. calibmtion ratio of & previous position of the point RF-source is used for ealeulating the

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

4, The method according to claim 1, cnmprlsing:
a. injecting internal calibrating signal to all antenna elements;
28 b, messuring and storing the injected signal;
g, execoting successive ilerations by:
) placing a point RF-source in the working position;
i) measuring the distance between the point RF-source and the phuse
certer ol the anfenna elements;

30 i) caleulating an approximate value ot ey of wave front

AMENDED SHEET



7. A computer program comprising computer program code means for performing the method of any
one of claims 1 to 5 when said program is run on a computer. 25 8,A computer program as ¢ @lfgrﬂe;g, in
claim 6 embodied on a computer readable medium. 9.A calibration ratio calculation system for use in
calibrating a phased army antenna arrangement having a first plurality of phased array antenna
elements (31) connected to a second plurality of receiving channels (32), an integral calibration signal
30 injection network (33) for injecting respective calibration signals lo each antenna element and an
amplitude and phase measurement unit (36) for measuing ruspcclivo MCSLLP 23 - signal amplitude
and phase for each antenna clement, a probe (46) for disposing in the near field of an aperture of the
phased array antenna arrang&mefit $E1REEARY’ 4A BxuA discalivritolheikmial RomyEsstidkary
RF-suurce to all of the phased arreyranitenriinelemignts (31) so that different phases of the external
calibration signal arrive at eagh ofisih@ianienRa glaments L:the Haliration ratio calculation system

characterized by: a signgl.correction unit (47) for cgqmputing and applying a respective phase
d[fference and amplirode diff?)J}gnég %@%ﬁ%’”r@éﬁgg |\‘(}%é’ éﬁf’gr%&‘latl&c%a ibra i'élr{{)%ignal for ench antenna
element so as to bbtain a corfdttetPeiRietRaint Ainatieni srpiraparkbianesincantenna elements whose
phase difference and amplitudé)diffiece noerisizetoyaing signalacaliratiomratiosprecassicemit (48)
coupled to the signal correction unitighcalehiating a complex number calibration ratio as he amplitude

ratio and the phase difference of the internal Falibratin si%nal relative to the corrected external
calibration iX)  measurimg and storing the sighal from the externy] source ot the new

working position;
10 x)  caloulnting the phase fronl configuration injected by the point RF-'
source in its new position; '
xi) cnleulating an updated value of the phase component of the galibration
ratio for the point RI-source in Lthe naw pogition;
xii) ealeulating error ag weiphted difference between two sels of valibrtion
- 18 ratios,
xift) if error is not less than specified {hreshold, performing successive
jteration i.e. beanch to ); and
d. outpulting phase component of calibration ratio,
5. The method according to claim 4, further comprising storing nnd retrieving
20 measurement datu. ‘
6. The method according to claim 4 or S, wherein caleufating the phase front
configurstion is done uging regression analysis.
7. A compuier program comprising computer program code means for performing

the methad of any one of claims | to 5 when said prugram is run on a computer.

2% 8 A computer program s claimed in claim 6 embadied on o computer readable
meadium.
2. A calibration ratio calculation sysiem for use in calibraling a phased array

antenng arrangement having a first piurality of phased array anfenna elements (31)
connected o a second plurality ol receiving channels (32), an integral calibrtion sipoal
30 injection network (33) for imjecting respective calibration signals (o ench wiicnng,

element and an amplitude and phase measurement unil (36) for mensuring respeciive

AMENDED- SHEET



ts 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 or receiving channels, anmgg aé
calibration signal injection network for injecting respective calibration signals to each antenna eIement
(3 1) and a signal measurement unit (36) for measuring respective signal amplitude and phase for each
antenna element, 20 said calibration system character-40 by the calibration ratio calculation system of
claim 9. itThe calibration ratio calculation system of claim 9, ohnvontrized In nun said calibration signal
lineation network (33) comprising; comarate tbed{14) for injecting an internal calibration signal to
said antenna elements; a plurality of signal dividers (1.1- 13; 15-20) connected to the corporate feed,;
and a plurality o?‘%’i‘fhﬁf@?gw ﬁ)“(’i‘ ey f@“%@"@ﬁﬂdéﬁ@%’ﬁmm@mﬂ@)ﬁrd&:ﬂmmm‘ ithérdnternal
calibration signal to respéelivef antepnaielemhdnrts{BE) abthephasedanganantanna slfal moment;

S0vinereby & callrabariauaiehing PRARSR ASLANNEY 8. RS AN Bk e JRINIned regardiess

of physical changes mpopents and interconnections of the old ihration si nal injection
ne'?wgrk by MCgLIPé%%gn nﬁ qu&é\pﬁolnﬁrei}n %‘Eﬁ? BFé%ﬁxﬁé‘ﬁ%‘f"ﬁbbfﬁfé’%ﬁ%‘t"h%fté"fééé‘*“‘OF J
sequentially |njecﬁné"bﬁ"€3&@ﬁ@‘@%§m§?’éhon signal From a stationary It1;-sotirco to all or the phased
array antenna elements sathatishfferentipbasasioh ihaex@inal Galirayon signal arrive at each of the
antenna elements; Scompgsating, far, fliffe in phases.and litudes of the external calibration
signal reaching the %ntenna @]ementscsoqag'?cwséuﬁépéom el V(-:'-Ws@D ah’ el WA TERLI S of the

antenna elements a 'ér‘ﬂﬁ?“ﬁﬁ&‘éé’%ﬁ’ﬁ?ﬁbﬁf T &dﬁf@@ﬁ%gtlvu exiernal catibration signal for each

antenng element 50 as to obtain o corrscted external calibration signal at all of the
10 anlenng elements whose phase difference and amplitude difference is zero; and
a colibration ratio processing unit (48) coupled to the sipnal correction unit for
calculating s complex number calibration ratio as (he amplitude ratio and the phase
diffsrence of the internal calibrating signal relative 1o the corrected external mﬂiBrﬂ(ion
sipnal.

15 10. A calibration syslem for calibrating a phased array antenna arrangement, having
g first plurality of phased array antennn elements connected to i .sccand plurality of
recelving ohannels, an integral celibration signal injection network for injecting
respective calibration signals to each antenna element (31) and & signal meagurement
unit (36) for measuring respective signal amplitude and phase for each antenna element,

20 said calibration system characterized by the calibration ratio caleulntion system of

claim 9,

1. ‘the calibration ratio ealeulation system of claim 9, characterized in that said
celibration signal injection network (33) comprising:
8 corporate fwed (14) for injecting an internal calibration signnl to said arenna
25 elements;
a plurality of signal dividers (11-13; 15-20) connected to the corporats fesd; and
a plurality of couplers (21) connected to the dividers for conveying a {raction of
the internal cafibration signal to respective antenna efements (31) of the phased arruy
antenna arangement;
30 . whereby a calibration ratio of the phased array antenna arrangement may be
determined repardless of physical changes with lime of components and Intercon-

nections of the culibration signal injection network byt

AMENDED SHEET



calculating complex number calibration ratio as the amplitude Mk) and he phase difference of the
internal calibrating signal relative to the corrected external to calibration signal; and  outputtihgtsaid
calibration ratios in a Form for allowing calibration of the active phased antenna. 12.A phased array
antenna arrangement comprising no integral calibration signal injection network. according to claim IS
13,The phased array antenna arrangement. according to claim 12, wherein there is an equal number
oF phased array antenna Gilt:Many; and receiving channels. 14.The phased array antenna
arrangement according to claim 12, wherein the Irag* galibration signal injection network is coupled to
each of the receiving channels, 20 U.The phased ormy antenna arrangement according to claim 12,
wherein during Calibratiomjsttiegiuralitnofphiasid: anrey @ntesaweiéaietits is located in the lar-liold
zone of the point R.13-80§ég?pe¢gﬁzh@]}hg,m{@§#@xw antemna drangementacoonditigstorelaim 12.,
wherein daring calibration, the point itri 30LITCO i located %tﬂ?ﬂﬂ‘t@%gzﬂ&@ lraKis.atsae phased
: ~ amtena elements 80 T o 2 +f ¢
array 25 antenna. to all ol the p‘?mse array anteana ele :
callbration signal arrive at each of'the antenna elements;
3 compensating for differences in phases und praplitudes of the external
calibration signal reaching the antenna elements so as compute an wffective signal that
would reach all of the antenna slements at zero phase and amplitude diffsrences;
caloulating complex number calibration mitio a3 the amplitude ratio and the
phase difference of the internal calibrating signal relative o the corrected externul
b0 oalibration signal; and
outputiing said calibeation ratios in a form For allowing calibralion of the aclive

phased antenna,
12, A phased array antenna arrangement comprising an integral galibration sigrn
injection network according to claim (0.

15 1% The phased array antenna arrangsment necording to claim 12, wherein there [
an equal number of phased arriy antenia glements and recaiving chanpels.,

14,  The phased array sntenna arrangement pecording to glaitn 12, wherein the
imegral colibration signal injection netwark is coupled to each of the receiving
ghannels,

20 18, The phased smmy antenna acrangement according o claim 12, wherein during
calibration, the plurality of phused array unfenna elements is located in the far-ficld
zong of the point RF-source, ‘

16.  The phased array amtenng arrangement according to claim 12, wherein during
calibration, the point RF-source is located on the bore gight sxis of the phased array

25 anfenny.
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