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BBenenue

CoBpeMeHHBIE TIeTICHTaTOPhI MPEICTABISIIOT COO0H aHTEHHO-BBIYHCIUTEIbHBIE KOMIUIEKCHI I U3MEPECHUS
MEJICHrOB 10 a3uMyTy M YOy MeCTa, CHHTE3UPYIONIME C HCIOJb30BaHHWEM TpeoOpazoBanusi Dypbe
pagron300pakeHne pactpeaesieHUs] JHEPTHH 0 TPOCTPAHCTBY, KOTOPOE B CIIy4ae OJHOIYYEBOTO PACTIPOCTPAHEHHS
BOJIH OT OJHOTO MCTOYHHKA PAJMOM3IIyYCHUS MMECT CMBICI CHHTE3MPOBAHHOM Juarpammbl HampaeiaenHoctd (JH)
AHTCHHOM pEelIeTKH MeJeHraTopa.

O (HeKTUBHOCTh TaKWX TMEICHTaTOPOB OIPEACIACTCS KAaK BBIYHCIUTEIFHON MOIIHOCTHIO aMITapaTHBIX
CPEICTB, TaK W BBIYHCIUTEIHFHON 3()()EKTHUBHOCTHIO MAaTEMATHYECKUX METOJMOB M PEATH3YIOIIUX UX alTOPUTMOB U
MIPOTPaMM.

B HacTosmeMm [okiage Ha OCHOBE aHAINW3a HM3BECTHBIX MPEIJIONKEH PSJ HOBBIX METOAOB CHIKEHHS
BBIYHCITUTEILHONW CIIO)KHOCTH JITOPUTMOB JIBYMEPHOTO CHHTE3a B TIEJICHTaTOPaX C KOJBIIEBOW PEHMIETKOW U TIPOBEJCH
HX CPAaBHUTEIBHBIA aHAJH3.

MeTtoa npsiMOro CHHTe3a

Ilpu onpenenenun HampaBieHust Ha ucTouyHUK [IH paccunThiBaercs, Kak MpaBWio, B y3J1aX pPaBHOMEPHOU
CETKH 0 a3UMYTaIbHOMY YIJIy O MPH (UKCUPOBAHHBIX 3HaueHWsX yrima mecta 3. Ilycts M - 4mMCIio TakuX y3JI0B,
6=27/M - 1ar 1o yriy ¢, aHTEHHBI PACHOJIOKEHbI B IIOCKOCTH =0 M Ha4aj0 KOOPIAMHAT COBMELIEHO C LIEHTPOM
pewietkn u3 N sieMeHTOB. Toraa paccmaTpuBaeMasi 3ajaya CBOJAUTCS K pacuery M-L 3HaueHUil JIBYMEpHOi
xomrutekcHo#t JIH pemerku [1]:

D(a,.p,)= ZUnfn (m-o,8, )exp(27r irh ™" cos(B, )cos(m-d—a, )) (1)

rae m=0,..., M-1-Texyumit Homep y31a 110 yriy o, ¢,=md, f; - 3aJaHHbIE y3JIbl CETKHU IO YIIIy MECTa, L - YHCIIO y3JI0B
no yray B, 1=0,..., L-1- Tekymwmii Homep y3ia 1o yriy, U, - KOMIUIEKCHAsE aMIUIUTY/Ia HATPSHKCHHUS B 1-OU aHTEHHE,
J(0 B) - xomitekcrast [TH n-ro sneMeHTa, r — pajndyc pEmeTKy, A - IJIMHa BOJHEL, . 0= n Ad, Aa=27/N.
[Mocne Boruucnenust M-N 3nauenuit komrutekcHoit JIH no ¢opmyne (1) n nmoucka Makcumyma B IByMEPHOM MacCHBE
KBajpaTa Moayst |D(a,, B) MONydaloT OLEHKY a3MMyTa M YIJIa MECTA HCTOYHMKA Pa{HOM3ITyYCHHUS.

Cunre3 kommekcHod JIH no ¢opmyne (1) tpeOyer Boimonnenust 2-(4-N-1)-M-L onepauumii ¢ miaBaromei
TOYKOH. BEIUMCINTENBHYIO CII0XKHOCTD QJITOPUTMa OyZieM OLIEHWBATh YMCIIOM OIEpaLiii B pacdeTe Ha OJHO yIJIOBOE
TIOJI0XKEHNE

dy=2-(4-N-1) @

MeTtoa INIMHHBIX CBEPTOK

C y4eToM CHMMETPHH KOJBIICBOW aHTCHHOW pelieTKu BhIpakeHue (1) MoxkeT ObITh mpeoOpa3oBaHO B
mukimaeckyto ceeptky [1]. Tyets f (o, B)=f (a-nAc,f), u f{o,B) mepromuyna MO ¢ C MIEPHOIOM 27T, @ YKHCIIO y3JIOB
CEeTKM IO YNNIy O KpaTHO YHUCIy D3JEMEHTOB peleTKd, T.e. M=UN, roe U - uenoe uucio. Tornma, BBOIA
rmociuenoBaTensHocTs V(m) mmHsl M cootHomerneM V(m)=U, npu m=un u V(m)=0 npu m#Un, Beipaxxenue (1)
MOJKHO MPECTABUTh B BUJIC IIUKIUUCCKOU CBEPTKU

D(e. )= SV 0K, =) ®

csmpom K, (m)=f,(m-0,5, )exp(27r irh ™ cos(B, )cos (m- 5))
Ecmu V(m) u K . (m) — nuckpetHsle npeobpazoBanust Pypee (AIID) mnuubsl M nocnenoBaresnbHOCTEH
V(m) u K)(m) cooTBeTCTBEHHO, TO BhIpakeHHE (3) MOKET OBbITh IpeodpazoBaHo k odpaTHomy 1D mmuHb M BHaa:

D(a,.p )= ﬁ ZV(m’)E, (m")expQimm’ /M ). 4)

Bripaxenuss (3) U (4) MOTHOCTBEIO SKBHBAJCHTHBI, HO BTOPOE MOXET OKa3aTbCs OoJiee BBITOJHBIM B
BBIYHCIUTEILHOM OTHOIICHUH TIPH UCTIOJIB30BaHUH alTopuT™Ma ObICTporo npeodpaszoBanus Oypoe (BIID) amunb! M.

IIpu wucnonp3oBanmm bBII® 1o ocHoBaHWio 2 oO0mIee YWCIIO omepanuii B anroputMme (4) coCTaBUT
(L+1)-5-M-logyM+6-L-M. Pa3nenus 3T0 BBIPAXKEHHUE HA YHCIO YIJIOBBIX MOJOXKEHUH L-M, NOTy4UM BBIUUCIUTEIBHYIO
CIIO’KHOCTB aJITOPUTMa IO METOAY JUTMHHBIX CBEPTOK:
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d, =501+1/L)log, M +6 (5)

Uwncao 3meMeHTOB pemieTku N,, IpH KOTOPOM BBIYHCIUTEIBHBIE CIOXXHOCTH CPaBHUBAEMBIX alTOPHUTMOB

OJTMHAKOBBI, PaBHO 5(1 +1/ L)log2 (M)/8 +1. Ilpu N<N, 6onee 3¢ dexTuBeH aaroputm npsimoro Boraucienus JJH, a

npu N>N,, Hao60pot, anroput™ pacuera JIH ¢ ucnons3zosannem BII®. Tonaras mwis npumepa M=2"=512, nomydum,

gyto N,=13 npu L=1 u N, =7 npu L>>1. Takum oOpa3oM, anroput™m (4) JaeT CYIIIECTBEHHBIN BBIMTPHIII B 00beMe

BBIYMCIICHUH 110 CpPaBHEHHIO C aiuropurMoMm mpsiMoro BeraucieHus JIH (1) Toinbko B meneHraropax ¢
MHOT'03JIEMEHTHBIMH aHTCHHBIMH PEIICTKAMHU.

MoauguuupoBaHHbIl MeTOA JJIUHHBIX CBEPTOK

JlOTOTHUTEIBHBIM BBIYUCIUTEIBHBIN BBIMTPHIIT MOXHO TOJY4YUTh y4duThIBasg, uto M xpatHo N. Torna,
OUEBHUJHO, MOCIEA0BATENbHOCTE V(1) ecThb U-kpaTHOE nosTopeHue JI1D nmocnenosarensHocTh U, anuHel N. B 3Tom
ciydae oxHo “mmuaHOE” JIT1®D mocnenoBaTtenbHOCTH V(m) MOXKHO 3aMeHHUTDH “KopoTkum’ JIT1D mociaenoBaTelbHOCTH
U,. DTO IPUBOIUT K CIEAYIONICH OICHKE BRIYUCIUTEIILHOMN CIIOKHOCTH:

d; =5-(log, M +log,(N)/uL)+6 (©6)

CpaBHenue cooTHomeHuit (5) u (6) MO3BOJISET 3aKIIOYUTh, YTO HAUOONBIIMK - TOYTH JBYKPATHBIA -

BBIMTPBINI JocTuraerca npu L=1, T.e. npu cunrese onnoMmepHoit JIH. Ilpu cuntese asymepnoii JJH, xorga L>>1, 3ta
pa3HHIa HE3HAYNTEIIbHA.

MeTo1 KOPOTKHUX CBEPTOK
CyiiecTBeHHOE CHW)KEHHE BBIYHCIIUTEIBHON CIIO)KHOCTH alropuTMa CHHTe3a nByMmepHou JIH mocturaercs
mepexojoM B cooTHomeHWu  (4) OT  JIJIWHHBIX  CBEPTOK K  KOPOTKHUM. TTonoxum,  9TO

a,=q-0+n-doa, q=0,.,u—1, n=0,.,N—1, npuaem g=m(modu), n=[m/], U=M/N, a KBagpaTHbIC CKOOKH
O3HAYaIOT B3sATHE 1eNoH vacTu. Torna, 3aMeHsis MHAEKC m Napod MHIECKCOB ¢ W N1, TPEICTaBUM BblpakeHue (1) B
BHIE:

N-1
Dle,.p)= YU, K (gn-n). ™
n'=0
e snpo K (q.n)= f,(gd +ndda, )exp(27rir/1’l cos(f, )cos (gd + nAA)).

Bripaxenue (7) nogo6no (3), Ho sinpo Kj(g,n) 3aBHCUT OT Hapbl HHIACKCOB ¢ U 1, TIPUYEM OHO IIEPHOIMIHO
o n ¢ mepuoaoM N, a cymMMa coliepuT He M, a N cnaraemsix. Ciie1oBaTenbHO, IPH (PUKCHPOBAHHBIX 3HAUYCHUAX [ 1
q BeIpaxenue (7) mpenctaBiseT cOOOH IUKIMYECKYIO CBEPTKY JIUHBI N, KOTOpas MOXET OBITh BBIYHCICHA C
niomoisio JAT1® mmaer N o ¢popmyie:

1 &~ s ’ . ’
D(aqn’ﬂl ): NZUW K/ (q’n )eXp(27[ rnn /N)’ (8)
n'=0
riue 17 , — HII® nocnemosarensHocty U,, a I? . (q,n)- HAII® nocnenoBarenbHOCTH K)(g,n) TO HUHIEKCY H.
BrraucnurenbHas CI0KHOCTh alropuT™Ma (8) B pacueTe Ha OJHO YIIIOBOE MOJIOKEHUE paBHA
d,=(1+1/uL)y(N)+6, 9)
rae x(N) — uucio onepauuid anroputma BII® niaunbel N Ha O4HY TOUKY.

CpaBHuTeabHAsA 3(peKTHBHOCTE METO0B
BBenem BenMUMHBI, XapakTepU3YIOLIME YMEHBIICHHE uuclia omnepanuidl B amroputMmax (4) u (8) mo

cpaBHeHH0 ¢ amroput™MoM (1): 7 l(N) =d,/d,, n 2(N) =d,/d,. 3uauenus 1m(N), npu M=2°=512, u m(N),
nosrydeHHBIX 17151 BI1® Bunorpana nmusst N [2], ¢ yaerom (2), (5) u (9) npuBeneHsl B TadnuIe.

N 7 9 12 16 24
n1(N) 1,06 1,73 1,84 2,47 3,76
1M(N) 2,91 3,89 6,13 7,64 10,56

U3 tabmuiel BuaHO, uto 17;(N) 1 1,(N) pactyT ¢ pocToM N MOYTH JMHEHHO, OJHAKO 1],(N) B cpelHEM TOYTH
B TpH pa3za Oounbiie, yeM 1;(N). Takum oOpa3zom, nmpenioxkeHHbIH anroputM cuate3a JIH ¢ kopoTkumu cBeptkamu (8)
3HAYUTENIGHO TPEBOCXOINT IO BBIYMUCIHTEIBHONH 3((HEKTUBHOCTH KaK ajiropuT™M mpsmoro cuHTe3a (1), Tak u
TPAAMIIMOHHO HCIIOJIB3YEMBIN aITOPHUTM C JUTMHHBIMH CBepTKamu (4). KpoMe Toro, MeTos1 KOPOTKUX CBEPTOK (8) maeT
BO3MOKHOCTh ~ pacHapaUle]IMBaHUS  BBIUHCICHHH, KOTOPOE TMPHBOAWT K JOMOJHHUTEIFHOMY  IIOBBIIICHHIO
s dexruBaocty B M/N pa3 [3].
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MeToa annpoKCMMAIMH AMATPAMMBbI HANIPABJEHHOCTH

Merton ammpokcumanuu JIH ucmmonb3yeT MPUHIUIT COKPAIISHNsT H30BITOYHOCTH BBIYHCICHHNA B 3aBUCHMOCTH
oT TpeOyeMOil TOYHOCTH TIEJICHTOBAaHMS WM MOXET OBITh HWCIOJIB30BAH IS JIOTIOJHUTEIBHOTO ITOBBIIICHUS
BBIYHCITUTENHHOM 3()(HEKTHBHOCTH JIIOOOTO U3 METO/IOB CHHTE3A.

XopormmumM MpuOImKeHneM K aMruTyaaoi JIH BOmm3n ee MakcuMyMa SIBIISIETCSl KBaApaTHIHAsT QYHKIHS, 1
BO MHOTHX CIydasX YHCJIO Y3JIOB CETKH M0 a3MMyTy MOXKET OBITh YMEHbBIICHO Oe3 ymepba aisi TOYHOCTH
nesieHroBanus. Eciu m - 3Ha4YeHWe WHACKCA /71, PU KOTOPOM JOCTHIaeTCsl aOCOJIOTHBIH MaKCHUMYM aMILTHUTYIHON
JH B COOTBETCTBYIOIICH IJIOCKOCTH, TO 3HAYCHUE a3UMyTa MOXXHO OLCHHTH I10 ANMPOKCUMAUMOHHOW (Qopmylie
BTOPOTO MOPSIKA:

(N Y (180 R e A 90 M PR

rIe 3aBUCMMOCTB OT 3 U1t POCTOTHI He MokasaHa. OleHKa MOTPEIHOCTH I allpOKCUMaIMoHHOH Gopmyist (10)
HWMEET CIIETYIOIINN BUI:

3 2
C=0°[1+90nr/2) /4] (1n)
ITpaBast 9acTb 3TOTO BBIPAKEHUS 3aBHCUT TOJIBKO OT Pajnyca PEIIETKH, TO eCTh (PaKTHUECKH OT HIMPHUHBI
raBHoOro Jenectka J{H, HO He 3aBUCUT OT 4Mcia €€ IIEMEHTOB.
Tonaras 8 (11) {={,, rae §, — 3ananHasi TOYHOCTD TIEJIECHIOBAHMS, HAM/IEM 3HAYCHHE II1ara U YUCIa Y3II0B MO
a3UMyTY:

s=lac, Ji+9rr/ay 4], M =2x/6 =2al1+9Car/2) 4)ac,]”.

OTHOCHUTEIbHAS 3(1)(1)€KTI/IBHOCTL T](l‘) MeToaa armmpoKCUuMalu OIPCACIIACTCA BBIpAXKCHHUCM

-1/3
;7(7‘)= 27[/ M = [2[ N (1 + 9(27r r/ /1)2 / 4)] . HcnonszoBanue Qopmynsr (10) npu #/A=(1..8) mno3sonser
COKpATHTh YHCJIO Y3IIOB II0 a3UMYTy M, CJIEN0BATENbHO, BBIYMCIUTEILHYIO CIOKHOCTh aIrOPUTMa IEJEHTOBAaHHS B

n(r)=(3..12) pas.

BoiBoas!

1. B nomonHeHne K TPaAWIMOHHO HCIIOJIB3YyEMBIM B NEJICHTATOPaX MPU CHHTE3€ OJHOMEPHBIX M ABYMEPHBIX
JH npsmomy MeTomy W METOAY IUIMHHBIX CBEPTOK Ha ocHoBe BIID npemnokeHsl MoAu(UIMPOBAHHBIA METO.X
JUTMHHBIX CBEPTOK U METOJ KOPOTKUX CBEPTOK.

2. Ilokazano, yro Hambonee >dpdekTBHBIN anroput™ cuHTe3a JJH ¢ KOpOTKMMH CBEpTKaMu 3HAYUTEIHHO
MIPEBOCXOMUT IO BBIYUCIHUTENBHON 3()(EKTHBHOCTH Kak airopuTM mpsiMoro cuHreda JIH, Tak m TpamuumoHHO
UCTIONIB3YEMBIH allTOPUTM C JUIMHHBIMH CBepTKaMH. [yt 24-X dIeMEHTHOH aHTEHHOW PEUIETKH METOJ]l KOPOTKHX
CBEPTOK JaeT II0 CPAaBHEHUIO C METOJOM IPSMOTO CHHTe3a BHIMIpHII B 10,56 pa3, a 1Mo CpaBHEHHIO C METOIOM
JUTHHHBIX CBEPTOK — B 3,76 pa3. CBOWCTBO pacnapauIeTUBaHMs BBIYMCICHUN OTOJHUTENBHO TOBBITIaeT B M/N pa3
3G PEKTUBHOCTh AITOPUTMA KOPOTKHX CBEPTOK, KOTOPBIII MOXKET CTaTh OCHOBOM apXHUTEKTYPbl HHTETPAIBHON CXEMBI
napayrieIbHOW 00paOOTKHA CUTHAJIOB.

3. Meron ammpokcuMmanuu JIH wWcmonms3yeT NPUHIMIT COKPAIEHUS H30BITOYHOCTH BBIYMCICHUH B
3aBUCHMOCTH OT TpeOyeMOil TOYHOCTM MEICHIOBAHUS M MOXET OBITh HCIIONB30BAaH IS JONOJHHUTENHHOTO
TTOBBIIIEHUS BBIYUCIUTENBHON 3(PQPEKTUBHOCTH JIOOOTO W3 METOJNOB CHHTe3a. Tak, ecnm TpeOyemas TOYHOCTH
nenenroBanust pasHa 0,1°, To ammpokcumarmsa JIH mo3BodAeT COKpaTUTh dYHCIO Y3JI0B IO a3UMYyTy, H,
CJIe/IOBATENILHO, YMEHBIINTD BBIYHCIUTEIBHYIO CIIOKHOCTB allfOpUTMa MeJieHroBanus B 3-12 pas.
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COMPUTATIONAL EFFICIENCY OF TWO-DIMENSIONAL PATTERN SYNTHESIS FOR A DIRECTION
FINDER WITH RING ANTENNA ARRAY
Chevtchenko V.N., Ivanov N.M., Vertogradov G.G.

GKB "Svyaz", Sokolov Street 96, 344010, Rostov-on-Don, Russia
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Efficiency of contemporary direction finders (DF) is defined by hardware facilities and by computational
efficiency of mathematical methods with concerned algorithms and programs for realization. On base of analysis of
the known methods the authors suggest some new methods for reducing the complexity of algorithms for two-—
dimensional (2-D) synthesis of DF with ring-type arrays and further accomplish the comparative evaluation of
suggested methods.

During determination of source direction antenna pattern is computed at nodes of uniform grid on azimuth
angle o for the fixed values of elevation angle . Assume that M is a number of nodes and 6=27/M is a step of & angle
and that antennas are located at the plane S=0 and an origin of coordinates combines with N-element array center.
Then the problem is reduced to computation of M-L values of 2-D complex pattern:

D(am,ﬁ, )= EUnfn (m-8,B, )exp(27r irA™ cos(B, )cos (m- & -a, )) (1)

n=0
where m=0...M-1 is current number of nodal points on ¢ angle, ¢;,=md, B are assigned nodal points on f angle; U, is
a complex voltage amplitude at antenna “n”; r is a radius of array; A is a wavelength, o,=nAca, Aa=2m/N. After
accomplishment of M-N values computation for complex pattern in accordance with (1) and after searching a
maximum of squared module ID(c, B)I° the estimates of azimuth and elevation angles of emitting source are
obtained. The synthesis of complex pattern according with formula (1) demands the accomplishment of 2 (4N-1) M-L
operations with floating point. The computational complexity can be evaluated by number of operations per one angle
position:
do=2 (4N-1). (2)
Taking into account the antenna array symmetry, the expression (1) can be transformed to cyclical
convolution. Let that f,(o, B)=f(a-nAa,fB), and f{o,P) is periodical function of o with period of 27 and that number of
grid nodes on . angle is a multiple of number of array elements. Hence, introducing a sequence V(m) of length M with
aid of relation V(m)=U,,, where m=pn and V(m)=0 if m#un, expression (1) can be presented in the form of cyclical
convolution

Do )= SV )K, n =), ®

where a kernel K,(m)= f,(m-4,5, )exp(Znir/lfl cos( Z)Cos(m-é)). If V(m) and I?, (m) are discrete Fourier

transforms (DFT) of length M of sequences V(m) and K,(m) respectively, then (3) can be reformed into inverted DFT
of length M, which is given by the expression:

M-1
D(a,.p)= ﬁ ZV(m')K, (m”)expQzimm’ /M ). 4)
m'=0

The expressions (3) and (4) are completely equivalent although the second one may turn out more preferable
from standpoint of computations when algorithm of fast Fourier transform (FFT) with length M is used. In case when
FFT with base of 2 is used the total number of operations in algorithm (4) will be equal to (L+1)-5-M-log,M+6-L-M.
Dividing this expression by the number of angle positions L-M, we obtain the computational complexity of algorithm
resulted due to application of long convolutions method:

d,=5(+1/L)log, M +6. (5)
The number N, of array elements, at which the computational complexities of compared algorithms are the
same, is equal to 5(1 +1/ L)log2 (M)/8+1. If N<N, the better efficiency is provided by algorithm of direct pattern

computation and vice versa if N>N, the better results are achieved with application of algorithm of computation with
use of FFT. Assuming for example M=2°=512 we obtain that Ny=13 when L=1 and Ny=7 when L>>1.

The additional reduction of computations can be obtained if we take into account that M is a multiple of N.
Then obviously the sequence V(m) is the p-multiple recurrence of DFT of sequence U, with length N. In this case one
“long” DFT of sequence V(m) can be replaced by “short” DFT of sequence U,. This leads to following estimate of
computational complexity:

d!=5-(log, M +1og,(N)/uL)+6. (6)

The comparison of relations (5) and (6) allows to conclude that highest gain (nearly double) is realized when
L=1. In the case of 2-D pattern synthesis when L>>1 this difference is insignificant.

The essential reduction of computational complexity of 2-D pattern synthesis algorithm is achieved by
transition in relation @) from long convolutions to short ones. Suppose that
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a,=q-0+n-do, ¢=0,..,u—1, n=0,.,N—1,, a and besides g=m(modu), n=[m/u], u=M/N and square

brackets mean the taking of an integer part. Then replacing index m by pair of indexes g and n we represent relation
(1) in the form

N-1
D(aqn’ﬂl)= ZUH'KZ (Q’n_n,)’ (7)
n'=0
where a kernel K,(¢,n) = f,(q8 + nAo, B, )exp(27z: irA”" cos(B, )cos (g6 + nAoc)).
The expression (7) is similar to (3), however the kernel K,(g,n) depends on a pair of indexes ¢, n and itis a

periodical function of n with a period of N and the sum includes N addends. Therefore, when values of [ and g are

fixed, expression (7) represents the cyclical convolution of length N that can be computed with aid of DFT of length N

according to:
N

1 ~ ~ nd 7’ . ’
Dley )= 330, &, (g Jexplom imn' /), ®

1
=0
where U . 18 DFT of sequence U, and K . (q,n) is DFT of sequence Kj(g,n) of index n. The computational
complexity of algorithm (8) per angle position is

d, =(1+1/uL)y(N)+6, ©)
where % (N) is a number of operations of FFT algorithm of length N per one point.
Let’s introduce the factors to characterize the rates of reduction of quantities of operations in (4) and (8) in

comparison with algorithm (1): 1,(N)=d,/d, and n,(N)=d,/d,. The values of 1,(N) at M=2"=512 and 1,(N)
obtained for Winograd FFT of length N [1] with keeping in view relations (2), (5) and (9) are given in the following
table.

N 7 9 12 16 24
n1(N) 1,06 1,73 1,84 2,47 3,76
Mn2(N) 2,91 3,89 6,13 7,64 10,56

It is seen that the value of 1,(N) on average is almost 3 times larger than 1;(N). Thus the suggested algorithm
of pattern synthesis with short convolution (8) considerably exceeds the computational efficiencies of both direct
synthesis algorithm (1) and traditionally used algorithm with long convolution (4). Moreover the method of short
convolutions possesses the possibility for splitting of computation with providing an additional increasing of
efficiency by M/N times [2].

Conclusions

1. In the article the modified method of long convolutions and method of short convolution on base FFT are
suggested in addition to methods of direct synthesis and long convolutions traditionally used in DF for synthesis of
one - and two - dimensional antenna patterns.

2. It is demonstrated that most effective algorithm with short convolutions for pattern synthesis considerably
exceeds computational efficiencies of both the direct synthesis method and algorithm with long convolutions. The
property of computation splitting additionally increases the computational efficiency of algorithm with short
convolutions by M/N times; so this algorithm may become an architecture base of integral circuit for parallel signal
processing.
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