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AHHOTauua - [Mpegnaraetca MeTon M3MepeHUs napamert-
pPOB aHTEHH B ONMXHEWN 30HE M3NYYEHUS, COYEeTaKUNA 3N1eMeH-
Tbl amnauTygHoro (6ecdasosoro) n ronorpadpuyeckoro (amnau-
TyAHO-(ha3oBoro) mMeTofoB. Takoi noaxon CywecTBeHHO obner-
yaeT pelleHue 3afayn OOCTOBEPHOro BOcCCTaHoOB/eHMA OH npwu
[OCTAaTOYHO YMEpPEHHbIX TpeboBaHUAX K TEXHUYECKUM XapakTte-
pucTukam aBTOMAaTU3UPOBAHHbLIX M3MEPUTEsIbHbIX KOMM/IEKCOB U
TOYHOCTU M3MepeHus (pa3oBOro pacnpeneneHus nons.

|. BBeaeHune

LLInpoko pacnpocTpaHeHHble rosiorpagpuyeckue me-
TOAbl HaCTPOWKM M UCNbITAHWA aHTEHH OCHOBaHbl Ha
N3MepeHnn  aMnINTyaHoO-(pa3oBoro  pacnpegeneHus
(A®P) Ha 3agaHHOI MOBEPXHOCTU M nocneayrowem npe-
o6pasoBaHUN pe3ynbTatoB nsmepeHnin AOP B 6amxHeMm
nosie U3nyyeHus B nosie fasibHeil 30Hbl - Auarpammy
HanpasneHHocTn (AH) aHTeHHbl [1, 2]. 3TOT MeToqn Tpe-
6yeT npoBefeHNA [AOCTATOYHO TOYHbIX WU3MEPEHWA am-
nAnTyabl U pasbl. MI3BECTHO, 4YTO MpoBefeHue u3mepe-
HWN aMnAnTygHoro pacnpegeneHus (AP) nons ¢ OTHO-
CUTE/NIbHO BbICOKOIM TOYHOCTbI CYLLECTBEHHO MpoLye,
yem dpaszoBoro pacnpegeneHus (®P), Ha TOYHOCTb W3-
MEpPEHUs KOTOPOro CYLWECTBEHHO B/USET CTabWU/IbHOCTb
napaMeTpoB MOABWXHOW JIMHUN nepefayn OnopHOro
(M3MepUTENbHOIo) curHana, OWMOKN YyCTaHOBKM 30HA4A B
3alaHHOE MOJIOXEHNE M ero OTK/IOHEHWE OT MOBEPXHO-
CTU CKaHMpOBaHuUA, TemnepartypHas 3aBUCUMOCTb U Psf,
Apyrux dpakTopos [L, 2]

MoaToMy npeacTaBnsaTCA BecbMa XenaTesibHbIMU
MOUCKN LOpYyrnx, anbTepHaTUBHbIX METOLO0B peLLeHus
3aja4M [4OCTaTOYHO TOYHOro BOccTaHoBsieHua OH. Of-
HAM U3 HUX ABNAETCA amMnanTyaHblii meTtog (AM), no-
3BOMIAIOWMIA 3aMETHO paclnpuTb 06/1aCTb NPUMEHEHNS
CywiecTByOWMX (OTHOCUTE/IbHO HeAopormx) asTomMaTu-
3MPOBaHHbIX U3MepuTenbHbIX komnnekcos (AUK) 6smx-
Hero nons [3]. Cytb AM coCTOUT B BOCCTAHOBJ/IEHUM
XapakKTepUCTUK aHTeHH Mo pes3y/bTaram U3MepeHns
TONIbKO aMNINTYAHOro pacnpefeneHns Ha [AByx [Mo-
BEPXHOCTSX, PacrosIOXEHHbIX BO/IN3N aHTEHHbI [4-7].

B oTivume oT ronorpadmyeckmx, amnaumtygHble Me-
TOAbl He TPeOylT (PasoBbIX U3MEPEHU GIVKHErO MNons.
Moatomy uenecoobpa3HO coyeTaTtb BO3MOXHOCTM AM cC
CYLLLECTBYIOLLNMM METOAAMU OSIMKHEIOHHbIX N3MEPEHUIA.

Llenbto HecTosiwe paboTbl SABSETCA:

-aHanNn3 BIUSAHUSA Pa3/INYHbIX (PaKTOPOB Ha TOYHOCTb
BOCCTaHOoBMeHa A®P v H aMnanTyAHLIM METOA0M;

- aHann3 BO3MOXHOCTEA WU3MEPEHWn napameTpoB
aHTEHH KOMOWHMPOBAHHbLIM  METOAO0oM, co4veTarwmm
aMnAnTyAHbIA 1 ronorpaguyecknii metToapl.

. OCHOBHas 4acTb

TeopeTuyeckme Bonpockbl onpegeneHna A®PP  Ha
aneptype aHTeHHbl W, COOTBETCTBEHHO, BOCCTaHOBJie-
Ha [AH no amMnanTygHbIM U3MEPEHUAM [A0CTaTOYHO

nogpobHo paccmoTpeHbl B [4]. C TOUKM 3peHus Teopun
3/1EKTPOMArHMTHOro Nnoss 3ajadvya BOCCTAHOB/IEHUA MOSIA
aHTEeHHbl B AajibHeil 30He MO0 M3BECTHOMY O/IMKHEMY
MOJI0 Ha MOBEPXHOCTU, OXBaTbiBalLWEW aHTEHHY, OTHO-
CUTCA K KpaeBbIM 3ajavyam 3/1eKTpogmHamuki. B Hanbo-
Jlee NpPoCTOM c/niyvyae M3MepeHuil Ha NI0CKOCTK, Mo Ha
MJIOCKOCTAX B ONMXHEN W fanbHeil 30He CcBA3aHbl (C
TOYHOCTbIO [0 HECYLLECTBEHHbIX MHOXUTesein) npeob-
paszoBaHnem ®ypbe. B pesynbtare o6paboTkM amniv-
TYAHbIX U3MEPEHNIN B BMKHEN 30He TpebyeTcsa BOcCTa-
HOBUTb MHJOpMauuo 0 dpaze G6AMKHero nons (pewwunTb
«(pasoByo npobsiemy»). CyTb 60/bLIMHCTBA a/ropuT-
MOB BOCCTaHoBneHna ®P 3aknivaeTcsa B yBeNMYeHuu
obbema u3MepuTenbHON MHdOpMaUuK 3a CYeT M3mepe-
HUA AP nons Ha [ONOSIHUTENIbHOW MOBEPXHOCTU WU WUC-
NMO/Ib30BaHUN anpuopHbIX AaHHbIX 006 aHTEHHe [5].
AMNANTYAHbIE [aHHbIE HA KaXAon M3MepuTenbHOW
MNJIOCKOCTU NpeacTaBnAlT CO00M BXOAHble [AaHHble,
NCrosibayemble 419 PEKOHCTPYKUMKN hasbl. Pe3synbTtatom
BbIMO/IHEHUS UTepauunii ABMSKTCA KOMMIEKCHbIE amn/n-
TyAHO-(pa3oBble pacnpefesnieHns Ha MJ0CKOCTM anepry-
pbl N Ha KaXAOW W3 ABYX WU3MEpPUTEsIbHbIX MN/IOCKOCTEN.
PaccuntaHHas meTpuka OWWNOOK Ha ABYX U3MepUTesb-
HbIX MJIOCKOCTSAX B 3TOM C/lyyae oueHuBaeTcsa ANs npu-
HATUA peLlleHns O NPOAO/DKEHUN WU 3aBepLleHun uTe-
pauMoHHOro npouecca. COOTBETCTBYOLWMIA KpUTEPUIA
3aBepLUeHnsa npouecca BK/IHYaeT Kak abCosIloTHY Be-
NINYNHY MakCUMasibHOW OLNOKW, Tak KU npegen cxoau-
MOCTW OWINOKWN. Ecnin KpuTepuini 3aBepLleHUs BbIMOHA-
eTcs, nporpaMma 3aHOCUT MOJIyYEeHHble 3HayeHus am-
nauTyabl 1 ¢oasbl Ha anepTtype U ABYX U3MepPUTESNbHbIX
MNMIOCKOCTAX B MNamATb W NpekpawaeTr uTepaunoHHbIN
npouecc. Ecnu kputepuin He BbINOMHAETCA, MpoLecc
npogosmkaetTca [0 ero yposnetsopeHuda. AH w napa-
METpPbl aHTEHHbl PacCyYMUTbIBAKOTCA MO MOJSIyYEHHbIM aMm-
NAMTYAHO-0a30BbIM  pacnpefeneHnaM Ha oboin  u3
3TUX NJIOCKOCTEW, UCMNONb3Ys CTaH4apTHblEe METOAb!
TOYHOCTb BOCCTaHOB/MIEHUSA (pa30BOro pacnpepgesie-
HMA (PP) 3aBUCUT OT MHOTMX (PaKTOpPOB W, Mpexae Bce-
ro, OT 6/IM30CTU «Ha4yasibHON oueHKM» APP B aHTEHHE K
AencTBUTEeIbHOMY amMnanTygHoMy n ®P Ha anepTtype u
HaIMuMA anpuopHOn MHdopMaLMM O reoMeTpun unccrie-
AyeMoW aHTeHHbl [5]. MoaTomMy ANnA yCKOpeHWsa cxoawu-
MOCTM UTepauMoHHOIo npouecca BoccTaHoBieHNsa A®P
B aHTEHHe B KayecTBe HayasibHoro pasoBoro npubnan-
XeHusa uenecoobpasHo MCnosb3oBaTb pes3y/ibTaTbl He-
NOCPEeACTBEHHbIX M3MepeHun (NyCcTb faxe «rpybbIx»)
dhasbl 6nmxHero nons ¢ nomouwbio AVIK nnn ®©P, nony-
4YeHHOe OT BCTPOEHHON CUCTeMbl KOHTPOJIS.
3BecTHbIM HepocTaTkoM AM 4BnsgeTcss Heobxoau-
MOCTb pEeLLUEHUS] HENUHENHbIX 06paTHbIX 3agay Ana pe-
KOHCTPYKUMN PP No M3MepeHHbIM aMnanTyLHbIM [OaH-
HbiM. Kak cnepgctsue, onpepgeneHve ®P no amnautyn-
HbIM M3MEPEHUSM ABNAETCA HEKOPPEKTHOW 3ajayei.
MMorpelwHocTn onpeaeneHna napameTpoB aHTEHH Mo
N3MEPEHNAM aMnAnTyabl Nons B OG/IMKHEN 30HE MOXHO
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pasfenntb Ha TpW OO0NbluMe Tpynnbl: MeToAnYeckue,
WHCTPYMEHTa/IbHble M MOrpewHocTn obpaboTkn (no-
cnefHve npakTUYeckn HeCyLLeCTBEHHbI).

MeTognyeckne norpewHocTM BoccTaHoBeHna [OH
aMnAuTygHbIMWU MeTodamMu onpegendeTrca psgoMm doak-
TOPOB, KOTOpble MPUCYLUM KakK 0BblIYHOMY ronorpacpuye-
ckoMy meToay (pa3mepbl 06n1acTv U3MepeHus 6rIKHero
nons, AuckpeTnsaumst U3MepPeHuii, TOYHOCTb U3MepeHus
AP, ®P u 1.4.), TaKk n cneyndmyeckummn ana AM: BblOO-
POM MOJIOXKEHUSI MOBEPXHOCTEN, Ha KOTOPbIX MPOM3BO-
ONTCA U3MepPeHua amnanTyabl G7vKHEero nons wn pac-
CTOSHUIA MeXAY HUMK, HayaslbHbIM MPUONMKEHNEM K
nckomomy A®P uT. 4.

BByay C/OXHOCTU MOMYyYEHUA aHa/IMTUYEeCKUX Bbl-
pPaXKEHW ONA OUEHKM BJIUSAHUA METOAMYECKUX NorpeLu-
HOCTEil Ha TOYHOCTb OnpenesieHns OTAENbHbIX napa-
METPOB aHTeHH LesiecoobpasHo MpPoBOAUTL YUC/IEHHbIE
pacyeTbl. Tako noaxon Mo3BONSET MpoaHa/M3vMpoBaTb
B/INAAHNE Pa3/IMyHbIX (PAKTOPOB Ha TOYHOCTL onpegene-
HUA XapaKTepUCTMK aHTEHH W BblpaboTaTb pekoMeHaa-
UMK AN npaktuyeckoin peanumsauumn AM [6-9].

MprBeAemM HekoTopble pesynbTarsl.

1 Tlpuemnemyo MNOrpeLHoCcTb onpenesieHnss 6oKo-
BbIX fienecTtkoB (~ 1 AB) Ha ypoBHe 3HayeHui H MUHYyC
25-130 g6 MOXHO NOMAYYUTb NPU HEe3Ha4YUTesIbHOM npe-
BblLUEHNN 06/1aCTU U3MEPEHUA Haf, pasmepamMu aHTeH-
Hbl (Ha 8..HOJ/1). MakcumanbHa gonyctMmasi BesMymHa
lwara mM3MepeHuii, nossonswas npeHebpeyb oLNOKa-
M/ 3a CYeT AuckpeTusaumu, coctasngeT J12.

2. TOYHOCTb BOCCTaHoB/fieHMA [IH cyllecTBeHHO 3a-
BUCUT OT pPacnosiOXeHMs MOBEPXHOCTEN W3MEpPEHUIA 1
HayasibHOro (pa3oBoro npuobnmkeHus. Ecnn npocTpaH-
CTBEHHbIA pa3HOC MOBEPXHOCTEN M3MEpPEHUI comnsme-
pYM C pasmepamMy aHTeHHbl, TOYHOCTb BOCCTaAHOBJ/IEHUA
A®P 1 CKOPOCTb CXOAMMOCTU UTepauMoHHOro npoLecca
BOCCTaHOBJ/IEHUS AOCTATOYHO BbICOKA.

Ha puc. 1 npuBoamtca [H, BOCCTaHOB/IEHHasA nNpu
cnepywowmx ycnoBsuax: pasmep aHTeHHbl HOJl, paccrtos-
HVWe 4O NepBOM M BTOPOM MNSIOCKOCTU M3MEPEHWU, COoOoT-
BETCTBEHHO, 5/1 u KJJ/I, pa3mepbl 06/1acTM U3MepeHns
61vkHero nona 32J1, ANCKPETHOCTb usmepeHua AP J12,
rnaeHblii nenectok AH OTkNoHeH Ha yron 20° npu CUH-
dhazHoOM HauvasibHOM MpUGAMKEeHUNn K PP, WHCTPYMeEH-
Ta/lbHble OLUIMGKN M3MEePEHNA AP oTcyTCTBYHOT. Toukamm
nokasaHbl 3HayeHWss WUCTUHHOW [OH; nNyHKTMpOM U
CnOWHON nuHnen [H, BOCCTaAHOB/IEHHblE, COOTBETCT-
BeHHO, Ha 50 u 200 utepauusax; n- Homep oTcuyeta [H,
ANCKpeTHOCTb pacyeta JIn=/[(310)=2/1\1; N=64.
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Mpn MasioM pasHoce MI0CKOCTEN U3MepeHus BOC-
cTaHoBsieHve [H B npuHUMMNE BO3MOXHO, HO CKOPOCTb
CXOOUMOCTW AOCTATOYHO Masna U CyLLeCTBEHHO 3aBUCUT
OT HavyaslbHON oueHKn A®PP Ha anepType aHTeHHbl (0OCo-
6eHHO ®P) 1 reomeTpun nsmepeHuin. O6BACHAETCH 3TO
TeM, 4YTO NPU Ma/IOM pasHoce MJI0CKOCTeN pas3nnuus
Mexay AP Ha HUX Manbl, YTO He MNO3BOSIAET KOPPEKTHO
NPOBOANTL PEKOHCTPYKuno PP 1 BoccTtaHasnmsatb [H
C AOCTATOYHON TOYHOCThIHO.

3. PaccMOTpMM BO3MOXHOCTM  KOMOWHMPOBAHHOTO

MeTofa BoccTaHoBneHusa AH. lNpu “3BecTtHoM Hanpas-
NleHun rnaBHoro makcumyma (HIM) aHTeHHbl (Hanpwu-
mMep, nosiydeHHoM Ha AUK) [OH c gocTaTOYHO BbICOKOW
TOYHOCTLIO MOXHO BOCCTaHOBUTbL Mo AP nonf, wusme-
PEHHOMY Ha OAHOW noBepxHOoCTU. OTMETUM, 4YTO npu
9TOM WTEpPaUMOHHBbIA npouecc BoccTaHoBNeHus [JH
CXOANTCA MeasIeHHee.

CkasaHHOe Bbile MNOATBEPXOAETCA 3JKCnepumeHTa-
MM MO ONpefesieHNI0 XapakTepUCTUK JIMHEHON BOJIHO-
BOAHO-LLUENEeBOM aHTeHHbl CaHTMMETPOBOro Auanas3oHa
BOMIH Ha AWK [3]. MockonbKy BbICOKYHD TOYHOCTb Onpe-
aeneHna HIM MOXHO o6ecneyunTb MNpu CpaBHUTESIbHO
rpyébixX namepeHusx ®P [2], To COBMeCTHOe npumeHe-
HVYe aMnanTygHOro u rosiorpaduyeckoro metogos obec-
neymBaeT BbICOKYHD TOUYHOCTb BOCCTaHOB/ieHUA ADP Ha
anepTtype aHTeHHbl U pacyeTa eé [IH. Ha puc.2 npuse-
peHa [H, BoccTtaHoBNneHHaa no namepeHusam AP Ha of-
HOW NMOBEPXHOCTU U oueHke HI'M, nosiyyeHHou Ha AVIK.

yron, rpaaycel

Puc. 2.
Fig. 2

Hannume wHgopmauum o HIM no3BonseTr Takke
[OCTaTOYHO TOYHO OUeHUTb (pa3oBOe pacnpegeneHve
Ha aneptype ®PAP (puc.3). Ha pwuc. 2, 3 Toukamu oTme-
YeHbl pacyeTHble 3HadyeHna [H n ®P Ha anepTtype PAP,
CNJ/IOWHLIMA KPUBLIMU - BOCCTaHOBJIEHHbIE. JIMHEWNHas
coctaBnawwaa ®P, cootBetctBywwaa HIM [AH Ha
puc. 3 CKOMNEeHCcMpoBaHa.

MpuMeHeHne KOMOWHMPOBAHHOIO MeTofa BOCCTa-
HoBfeHna [IH paeT BO3MOXHOCTb MPOBOAUTL MOJIEBbLIE
NCNbITaHUA aHTEHH B HEKOHTPOJIMPYEMbIX Temnepartyp-
HbIX YC/I0BUSAX.

lll. 3aknuyeHune

Pe3synbTaTbl MareMaTuU4eckoro MOLENNPOBaHUA U
dmsnueckne akcnepuMeHTbl CBUAETE/IbCTBYOT 006 3g)-
heKkTMBHOCTN Mpea/IOKEHHOT0 KOMOUHMPOBAHHOIO MEeTO-
Aa Ans onpefeneHvs XapakTepucTUK aHTEHH, OCOBEHHO
B CAHTUMETPOBOM M MW/I/IMMETPOBOM AMarna3oHe BOJIH.

Mcnonb3oBaHve amMnanTygHOro MeToga COBMECTHO C
TPaAUUMOHHOM TEXHUKON OBNMXKXHE3OHHbLIX M3MEPEHWi
faeT BO3MOXHOCTb MOBbLICUTb TOYHOCTb OMnpefesieHns
napaMeTpoB aHTeHH B C/ly4yae WCKaKeHUs MOoJsly4eHHOM
daszoBoii MHdopMauun BCNeACcTBME OLUMOGOK MO3ULMO-
HAPOBaHMA 30HAa Ha HeugeaslbHOW U3MepUTesibHOWN
NMOBEPXHOCTU, Ha/IMUYNA (PA30BbIX UCKaXKEHUA B NOLBUX-
HOW NiMHUK nepepaun CBY curHana u MeHswowenca
TemnepaTypbl. Vicnonb3oBaHve pe3ynbTaTtoB Tpaguuu-
OHHbIX aMnAuTyAHO-(ha30BbIX U3MEPEHUIA B KayecTBe
«Ha4yasibHOM OLEHKM» ANs  npouecca PEeKOHCTPYKUUK
dhasbl o6ecneunBaeT AOCTOBEPHbIN pacyeT AH PAP ans
OTK/IOHEHHbIX Nly4yel faxe B c/iyyae A0CTaToOvyHO 60/b-
LUMX OLUMOOK NO3ULMOHMPOBAHNA 30H4A W ApYrux dpaso-
BbIX OLUMOOK U UCKaXKeHMn. BO3MOXHOCTN npegnaraemo-
ro nogxoga nOATBEPXAEHbI MHOIMOUUC/IEHHBLIMWU 3KCre-
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pUMeHTamn. YCTOWYMBOCTb MeToAa Oblsia WChbiTaHa B
YC/IOBUSIX HaMMumsi npefHaMepeHHOro WCKAaXEeHUs U3-
MEpPEHHbIX AaHHbIX.

AnepTypa, Mm
Puc. 3.
Fig. 3.

MpumMeHeHne npegnaraemMoro MeToga MO3BONSET
pacwmnpuTb 4acTOTHYH 06/1acTb NPUMEHEHMS CYyLLecCT-
BYIOLLMX aBTOMATM3MPOBAHHbIX W3MEPUTESIbHbIX KOM-
NAEKCOB OGNMXHEro nonsi U cokpaTuTb 06beM M Bpems
NMPOBEAEHNSI U3MEPEHU OTHOCUTE/IbHO aMMNIUTYAHOro
MeToA4a 3a CYET OrpaHUYeHus uucra U3MepUTeNbHbIX
NoBEPXHOCTE A0 OOHON.
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IMPLEMENTATION OF COMBINED
ANTENNA MEASUREMENT METHOD
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14 Lenin Ave., Kharkov, 61166, Ukraine
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Abstract - To enhance the performance of existing near
field antenna test facilities the approach to far field pattern de-
termination using both the amplitude and phase measurements
and the phaseless measurement techniques is proposed, Both
simulated and measurement results are presented to demon-
strate the utility of such approach.

I. Introduction

In order to reduce these drawbacks of available NF/FF
techniques and improve the performances of less expensive
measurement set-ups, thus extending the usable frequency
range, the idea of reconstructing the far field from only ampli-
tude near field data has been proposed and successively de-
veloped.

II. Main Part

A comparative evaluation of conventional (amplitude and
phase) and phaseless (amplitude only) near-field antenna
measurement techniques for antennas with electronically scan-
ning beams shows that success of using such algorithms de-
pends on many factors, first of all, on the proximity of the "initial
guess" to the actual amplitude and phase distribution (APD)
over the antenna’s aperture. It is highly desirable to have at
least a rough model of phase distribution (PD) or to get rough
estimation of the beam position obtained from measured ampli-
tude distribution (AD). The best variant is to use measured PD.
Even if the phase information is inaccurate, it allows determin-
ing a direction of the beam in space, improving process of con-
vergence and reducing the number of iterations (it is highly
desirable to have the information about the position of the beam
as precise as possible.

The proposed approach is able to take into account all the
available a priori information concerning the far-field, the near-
field in the measurement regions, the construction of antenna
under test and the accuracy of the measurement set-up. The
main advantage of the proposed approach is the possibility to
improve the results of conventional method in the case when
obtained phase information is inaccurate due to non-ideal meas-
uring probe locations and phase distortions in moving cables. In
this case, the phase retrieval algorithms allow more accurately
reproducing the true antenna pattern because of the diminished
sensitivity of the amplitude of the near-field, as compared to the
phase, with respect to the measurement errors.

The reconstructed far field and APD on antenna’s aperture
from the only amplitude data on measurement surfaces using
information of direction of the beam obtained from APD on
measurement plane are compared with the true far field and
the APD on aperture.

Both simulated and measurement results are presented to
demonstrate the utility of such approach.

[1l. Conclusion

The main advantage of the proposed approach is the possi-
bility to improve the results of conventional method in the case
when obtained phase information is inaccurate due to non-ideal
measuring probe locations and phase distortions in moving ca-
bles. In this case, the phase retrieval algorithms allow more accu-
rately reproducing the true pattern of the PAA because of the
diminished sensitivity of the amplitude of the near-field, as com-
pared to the phase, with respect to the measurement errors.
Since the proposed technique allows overcoming the drawbacks
related to the measurement of the phase distribution and, at the
same time, to obtain a good accuracy in the results, the approach
seems to be very attractive in many real applications.
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