BbICTPbIE ANMOPUTMblI PAOUONOKALUMOHHOIO PACMNO3HABAHUA KITACCA OBBLEKTA IO
PEryndPHO KOPPENTMPOBAHHbLIM NOPTPETAM
Spmonux C.H., [Hansmua C.B.

Boennas Axagemust Pecryoniku bemapycs,
kadenpa paAuoIOKalMU U paJMOHABUT AN
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OOmiasi moCTaHOBKA 3aJa4l  PAJMOJIOKAIIMOHHOTO pAClO3HAaBaHUs Kiacca OOBeKTa MO OalecOBCKUM
KPUTEPHSIM ONTHMATBHOCTH U3J0XkeHa B [1]. BeIxoHO# curHan k-ro kaHaixa oOpabOTKH MPEICTABIACTCS IIPH 3TOM B
BHJIC CMEIICHHOTO KBaIpaTUIHOTO (hyHKIMOHANTA [2]

kog *T
/g =Cg0B 800 +a (D
e & 20 =(&;,-»Ey) - mickpernas BeiGopka mpumsToro curnama; B - marpuna obpaGotku; ay -

CMeIIeHHE.
PaccmoTpuM anropuTM pajHOIOKAIMOHHOTO PACMO3HABAaHMS OOBEKTOB IO WX MPOTSDKEHHOCTH, KOTOPOE
MIPOU3BOIUTCA C UCTIONB30BAaHIEM PETYIIIPHO KOPPETUPOBAHHBIX MMOPTPETOB. Takue MOpTPeTs! MOTYT OBITH TOTyYEHBI

kO
B PJIC ¢ MHOro4acTOTHBIM 3OHAMPYIOLIMM CHrHaOM. C y4eTOM 3PMHTOBOCTH MATpHIisl oOpaborkn B', mis

2 .

BBIYMCICHHUS KBagpatuuHoro ¢yHkuuonana (1) morpedyercss mnpubnusurensho (N +3N )/2  onepaunit
2 .

KOMIUIEKCHOTO yMHOXeHHss 1 N~ —1 omnepauuii KOMIUIEKCHOTO CJIOXEeHHs. Peanu3aiusi MaTpHYHOrO alropuTMa

00paboOTKH TaKWX MOPTPETOB 3aTPYIHUTENbHA B CHITY OOJBININX BBIYUCIUTENBHBIX 3aTpaT. Takum o0pa3oM, Tpedyercs

HalTH 3¢ (QEKTUBHBIE ANTOPUTMBI OOPAOOTKH MHOTO3JIEMEHTHBIX KOPPEIMPOBAHHBIX IOPTPETOB, ITO3BOJISIOIINX
3HAYUTENBHO COKPATHTh YKCIIO ONepaluii mpu Berauciennu (1).

OnTumanesHselii anroput™ 06padorku PJIII no oTHomeHHI0 NpaBaonoa00us
PazBepHyTas 3anmch anroput™a (1) MOXKET OBITH IPECTABIICHA B CIEAYIOIIEM BHUJIC:

Zio =aro +E(Ry ) =(RF+ Ry )7 g™ =

=agy +(1/p JIEV1(&VL, )T —&gv2 eva, )T ] -
~(1/p, )[EV3,(&V3, )T —&Va, (&va, )T ], )
rae VIH ,V2H - HWOKHHMC TPCYrOJIbHBIC MATPUIBI, II0JIy4acMbIC MPHU PA3JIOKCHUHM MaTPHULIb RO 1o

anroputmy Jlesuncona [3]; V3, , V4, - HikHHe TpeyroibHble MaTPHIIBI, IOTy4aeMble IPH PA3I0KEHUH MaTPHLIbI

R¥ + R,;1/p;,1/p, - nocrosiHHEIC KOI(DHUIHEHTHL.
Hmxnue tpeyromsueie matpuust V1, n V3, (V2 u V4.) omimyaorcs TOIBKO 3HAYCHHSMH CBOHMX
anementos (V1;_ ju V3, j) M MMCIOT OIMHAKOBYIO JICHTOYHYIO CTPYKTYpY. Mcmonb3ys usecTHbie [4] BEKTOpHO-

MaTpU4Hble 0003HAYEHHs CBEPTOK, NPU BBIYMCICHHH CBEPTOK B BBIPAXKECHUH (2) MOXHO MCIOJIB30BATh OBICTpBIC
AITOPUTMBI  IIU(PPOBOI 00pabOTKM, OCHOBAaHHBIE HAa JONOJHEHWH HIKHUX TPEYroNbHBIX MaTpHUIl /0 MaTpHIl
mukimyeckoit ceptku (LIC) [4] u OpicTpom mpeobpazoBanun Dypre. ANTOpUTM (2) MOKET OBITH BBIYHCIICH ITyTEM
BBINOJIHEHNS CJICAYIOIUX OTepaLuil:

1) U3 wmarpuipsl  00paboTKM  pasiokeHHeM —monmydatores Marpumel V1, , V2, V3, V4
BBIYMCIISETCS CMEIIEHHE dy |

2) TToce10BaTeNbHO ONpeiensioTes MaTpuisl mukmiaeckoii ceeprin ( HIX  H2% H3M H4k),
TIyTEM JIOTIOJIHEHHS COOTBETCTBYFOIIUX TPEYTOJIBHBIX MATPHIL.

3) Bouncmsioress K1, K2, ,K3; , K4, (K, =5, H;) u Boigensiorcs N NOCICIHHX HICHOB
(Hy,Z, - xoodpduumentsr  muckpersoro  npeobpasosanus  Pypbe  (AID) ot

o ’ ’
nocnenosatensuocteit & ,M, rae & - momonuennas mynamu 1o 2N-1 BXomHas peanusaums; h -
OTCYETHI UMITYJIbCHON XapaKTEPUCTHKH MAaTPUIHOTO (HUITBTpPa)
4) Brruncnsercs cyMMa KBafpaToB HOIy4EHHEIX SIEMEHTOB M JOOABIAETCA CMEIIEHUE () .

5) Koneunbrit pe3ynbraT Beaucisiercs o hopmyiie (2).
BrlunciuTenbHbIe 3aTpaThl IS HAXOXKICHUSI CHTHAalIa Ha BbIXOJE k-ro KaHaisa oOpabOTKH C BBIYHCICHHEM
CBEPTKH B YaCTOTHOW 00JIACTH NMPUBEICHBI B TaOI. 1.
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Tab6muma 1
HexorepentHoe )
Onepanus BI1® Ceeprka naxorterme (FH) Hroro:
VYMHOXKEHUE Nlog,(2N) 8N —4 4N -2 Nlog,(2N )+12N -6
Cnoxenue 2Nlog,(2N) - 4N -6 2Nlog,(2N )+4N -6

OnTumaneHelii anroput™m o6padorku PJII no pynknnu npasaononodns
B ciyuae mocrpoenust anropurMa oOpabOTKH BXOJHOTO MOPTpETa MO (YHKUUH MPaBIONOA00US aIrOpHTM
(1) MOXHO TIpe/ICTaBUTD B BHIE:

Zio = aro +&(R* +Ry )7 g =
= ago +(1/p)[EVI(&VL, )T —ev2, (gv2, )7 ], 3)
e V1,,V2, - HwKHHEE TPEeyroibHbIe, JCHTOYHbIE MATPHLII, I0JIy4aeMble TIPU PA3I0KEHUH MaTPHLIbI

R¥+R®; 1/ P - MOCTOSHHBINA KOAPPHUIHEHT.

IMonyuenusie matpuusl V1, u V2, Tawke sSBISIOTCS JCHTOYHBIME, & 3HAYHT, I 0OpabOTKU mopTpera

COMIaCHO anroput™y (3) Takke BO3MOXHO HCIIOJH30BaTh IM(PPOBEIC CBEPTKH, BBIYUCISICMBIC B YACTOTHOW OOJIACTH.
Uucino HeOOXOIUMBIX OTepanuil A 00paboTKH mopTpera B k-OM KaHaje YCTPOWCTBA paclio3HABaHUS MPUBEACHO B
Taou. 2.

Tabmuma 2
Oneparus BII® CeepTka HH Hroro:
YMHOXEHNE Nlog,(2N) 4N -2 2N -1 Nlog,(2N )+6N -3
Croxenue 2Nlog,(2N) - 2N -3 2Nlog,(2N )+2N -3

OnTuManbHblil  AIrOPUTM  00pPadOTKH KOMOMHHPOBAHHOIO0 MHOIOYACTOTHO-(IYKTYallHOHHOIO

nopTpera
Bripakenne (1) s KoMOMHUPOBAHHOTO MHOTOYACTOTHO-(IYKTYyallHOHHOTO TIOPTPETa UMEET BH]T
_ kO ¢ =T
Zo=8B""&" +ay. )
kO
rue B"" - spmuroBa, 6;109HO-TEIUTHIICBA MATPHIIA.

Bocnonb3yemMcsi M3BECTHBIM OOpaIIeHUEM OJI0OYHO-TCIUTAIICBOM MATPHILI HA OCHOBE MHOTOKAaHAJIBHOTO
anroputMa JleBuHcona [3], 1 mpeacTaBUM BbIpaxkeHHe (4) B CleIyIOIIeM BUIE

Z1o=5B" 8" +a =5(A, P, A -B,P.B.)E" +ay 5)

rae A, B, - 6nounsie Hwknue Tpeyrobubie Matpuupy; P o= B_l - GJI0YHO-IMATOHAIIBHAS MATPHUILIA.

Onemenrapupie  Gnokn (A;B; i=1.N; —1,P) 6nounbix Matpuum sBISIOTCA DPMHTOBBIMH TETUIMIEBBIMU
matpuuamu pasmepa N, X N,

B cBoro ouepens MaTpuiry B MOJKHO TIPEICTAaBUTh CIEAYIOMINM 00pazoM:

-1 *T
P =P = Al Alnm Bl Bl Bl .. (6)
roe Al Al B1 qur - OJIOYHO-/IMATOHAIIBHBIC MATPHLBI C 6JI0YHON Pa3sMEPHOCTBIO N X N f » Y KOTOPBIX

3JIeMEHTApHBIC OJIOKH SIBISIOTCS HIDKHHMH TpeyroisHbMH Matpuuamu; Al,., Bl,, - mwkHHe TpeyrombHbre

HT
neHTo4HbIe MaTpuLbl pasmepHoctbio N, X N, 5 1/pl - nocrosuublii koadduryent.

Bripaskenue (5) MOJKHO MPEACTaBUTH B BUJIE YETHIPEX CJIAraeMbIX

Zwo =EA AL (EA AL )T —EA Bl (EA, BI
~EB, AL, (§B, Al )*T+a§}lmﬂm(a§ﬁmﬂm)”+ako. (7

OueHKa BEIYUCIUTENBHBIX 3aTpat Npu peanusaunu (7) npuseneHa B Tadiune 3

22 AHT == THT == IHT )

222 AHT S22 IHT
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Tabmuua 3
Onepanus Vecnosue KorepenTHas 06paboTka: HH:
N (N =Np)=(Ng =N NP+
HeuerHoe 2N 4 (N, log, (2N, ) +4N (2N, 1)
YMHOKeHue > 2 2 4Nf Nt

YerHoe 2N 4 (N, log,(2N,))+4N (2N, 1)

NZ-N,)N,(N,-1))+N N, +

Cnoxenue ( / ! SN =) a 4Nf N =D
2N (2N, log,(2N,))

OueBuHO, 4TO NpH Gonbiuux N fu N, npemnoxenHas cxema IPEANOYTHTENbHEE MATPHYHOTO aIrOPUTMA

“).
[TonyuyeHHBIE aITOPUTMBI MOTYT OBITH HPAKTHYECKH pEaln30BaHbl Ha 0a3e COBPEMEHHBIX INPOTPAMMHO-
anmapaTHBIX CPeACTB [U(POBOH 00pabOTKH CUTHAJIOB.
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FAST ALGORITHMS OF RADAR RECOGNITION OF THE OBJECT CLASS ON THE REGULARLY
CORRELATED PORTRAITS
Yarmolik S.N., Shaliapin S.V.
Problem statement
The general problem statement of radar recognition of the object class on Bayesian optimality criteria is
stated in [1]. In this case the output signal of k-th channel of processing is represented in the form of shifted quadratic
functional [2]

Zk/g zggOBkogj;) +ay, (D

where §g0 = (E,l ,...,E,N ) is a discrete sample of an accepted signal; B is a processing matrix; ay is a shift.

Let's consider algorithm of radar recognition of objects on their expansion which is made with using
regularly correlated portraits. Such portraits can be obtained in the radars with a multifrequency probing signal. With
allowance for hermiticity of the processing matrix B for computing the quadratic functional (1) complex
multiplication operations ( N 243N )/ 2 and complex addition operations N 21 is approximately required. The

implementation of matrix processing algorithm of such portraits is difficult due to large computing resources. Thus, it
is required to find effective processing algorithms of the multielement correlated portraits allowing considerably to
decrease the number of operations in computing (1).

Optimum processing algorithm of radar portraits (RP) on a likelihood ratio
The detailed form of algorithm (1) can be represented as follows:

Zio = a0 +E&(Ry ) —(RF Ry )7 g™ =

=g +(1/py JIEVL(&VL, )T —ev2, (&va, )7 |-
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—(1/py )[EV3,(&V3, )T —&va,(&va, )7 ], )

where V1, and V2H are lower triangular matrices obtained in expansion of a matrix R, by Levinson algorithm [3];

V3, and V4, are lower triangular matrices obtained in expansion of a matrix R +R 0:1/p;.1/p, are constant
coefficients.
The lower triangular matrices V1, and V3, (V2, and V4,) only differ by values of the units (V1;_;

and V3i— j) and have identical banded structure. Using known vector-matrix indications of convolutions [4] in

computing convolutions for expression (2) one can use fast algorithms of digital processing based on complement of
the lower triangular matrices up to matrices of cyclic convolution (CC) [4] and fast Fourier transform. The algorithm
(2) can be calculated by fulfilment of the following operations:

1) From the processing matrix the matrices V1, , VZH, V3,, and V4, are obtained by its expansion and the
shift a; is computed.

2) CC matrices (Hlko , H2 , H3k0 , and H4k0) are sequentially determined by complement of appropriate
triangular matrices.

3) One computes K1, ,K2,,K3;, andK4; (K; =Z,H;) and one selects N of the last terms

(H k,E r 1s coefficients of a discrete Fourier transform (DFT) from sequences F,',h, where 17 is the input

realization complemented with zeros up to 2N-1 samples; / are samples of a pulse response of a matrix filter)
4) The sum of obtained unit squares is computed and the shift is added.
5) The final result is computed with the formula (2).
The computing resources for determining a signal on k-th channel output of processing with computing
convolution in frequency domain are shown in Table 1.

Table 1
Operations FFT Convolution NA Total:
Multiplications Nlog,(2N) 8N —4 4N -2 Nlog,(2N )+12N -6
Addition 2Nlog,(2N ) | - 4N -6 2Nlog,(2N )+4N -6

Optimum processing algorithm of RP on a likelihood function
In case of input portrait processing algorithm construction on a likelihood function the algorithm (1) can be
presented in the form:

= ay +(1/p)[EV1,(&VL, )" —&V2,(&v2, )7 ], 3)
where VlH and V2H are lower triangular, banded matrices obtained in expansion of a matrix Rk + Rq) 1/ pisa
constant coefficient.

Since the obtained matrices V1, and V2H are also banded, for processing a portrait according to algorithm

(3) it is also possible to use digital convolutions computed in frequency domain. The number of necessary operations
for processing a portrait in the k-th channel of the recognition device is shown in Table 2.

Table 2
Operations FFT Convolution NA total:
Multiplications Nlog,(2N) | 4N-2 2N— Nlog,(2N )+6N -3
Addition 2Nlog,(2N) | - 2N -3 2Nlog,(2N )+2N -3
Optimum processing algorithm of combined multifrequency-fluctuation portrait
The expression (1) for a combined multifrequency-fluctuation portrait have the form
kO T
Zo=EBE" +ayy. )

where B K0 isa Hermitean, block - Toeplitz matrix.

Let's use the known inversion of the Hermitian, block - Toeplitz matrix on the basis of multichannel
Levinson algorithm [3], and let’s present expression (4) as follows
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Zio=EBET 4 a0 =E(A P, AT B, P B )ET +ay, )

where A and B, are block lower triangular matrices; P, =B_1 is a block- diagonal matrix. The elementary

blocks (A;,B; i=1..N - 1, P) of block matrices are Hermitean, Toeplitz matrices of order N ;X N ;-

In turn the matrix BH can be presented as follows:

-1 #T *T
BH = B = M[{HT M}IHT - mnm‘ EHHT > (6)
where Al e and B1 e are block- diagonal matrices of block dimension N f XN f oo for which the elementary

blocks are the lower triangular matrices; Al and Bl,, are lower triangular banded matrices of order N, XN, ;

1/p1  is a constant coefficient.

The expression (5) can be presented in the form of four terms

Zk() zgéHA—IHHT(QéH&HHT )*T _iéglﬂﬂm(gégmﬂm )*T -
_gﬁHMHHT(gﬁHMHHT )*T +€EHEZ{HT(§EHEHHT )*T +ak0' (7)
The estimation of computing resources in realizing (7) is shown in Table 3
Table 3
Operation Condition | Coherent processing: NA:
N; ((N}=N;)=(N;—1)N; N} +
o Odd 2N (N, logy(2N, ))+4N ;(2N,-1)
Multiplication 5 P 4N f N,
N (N}=N;)=(N;/2)* )N}+
Even 2Nf(Ntlog2(2Nt ))+4Nf(2Nt—1)
N7 =N; ) N(N,~1))+N /N, +
Addition (N7 =Ny XN(N, =1)+ NN, AN (N, -1)
2Nf(2Nt log,(2N,))

It is obvious that at large N f and N, the proposed scheme is more preferable than the matrix algorithm (4).

The obtained algorithms can practically be implemented on the basis of modern hardware-software tools of DSP.
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