TOYHbLIE BbIMUCIEHUA MOMEHTOB ®YHKUUMN PACMPEOENEHUA OBOBLEHHOIO
OTHOLWUEHMA nNPABOOMOAOBUA B 3AOAYE OBHAPYXEHUA TMPOCTPAHCTBEHHbDbIX
YACTNYHO-KOINEPEHTHbBIX CUTHAJIOB B CITYYAE KOPOTKMNX BbIBOPOK

Bonxosckasa O.B., Manbues A.A.
Hwxxeropoackum rocyHnsepcuTeT

Mpu peweHnn 3agadm  OOHapYyXEHUS CUrHaANoB C  HEWU3BECTHbIMKM  CTaTUCTUYECKMMM
XapakTepucTMkamm Ha PoHe LYMOB TakkKe C HEeW3BECTHbIMU MapamMeTpaMy LUMPOKO WCMOoMnb3yeTcs
000O6LLEHHBIN KpUTEPUA MakCMMarnbHOro npasgonofobus. 3TOT MeTOo4 UCnonb3yeT B KayecTBe TecT-
CTATUCTMKN OTHOLLEHWE MpaBAoNododus, B KOTOPOM BCE HEW3BECTHbIE MapaMeTpbl curHana u yma
3aMEHSAITCA UX MaKCUmarnbHO NpaBaono4oOHbIMM oLeHkamu. Monyvyaemas npy 3TOM CTaTUCTMKa B 06LLEM
crnyvyae UMeeT OO0CTaTOYHO CITIOXXHOE BEPOATHOCTHOE pacnpedeneHue. JTo, Kak npaBuiio, He nossBonsieT
PELNTb aHanMTMYECKM 3adayy HaxXOXAEHMSI MOPOroBOro 3HaYeHUst TeCT-CTAaTUCTUKM Mpu  3agaHHOM
NMOCTOSIHHOM YPOBHE BEPOSITHOCTU JTOXHOW TpeBoru . Mo3ToMy MCNONb3yTCA PasfnMyHblie YMCIEHHbIE NN
NpUbNMXeHHbIE aCUMNTOTUYECKNE METOALI, CpaBeAnmBble aAnga 6onbwmnx 06beMoOB BbIOOPKH.

B HacToswen paboTe pellaetcsa 3agadva obHapyKeHus ¢ PUKCUPOBAHHOW BEPOSITHOCTBIO JIOXKHOM
TPEBOIM MHOrOMEPHbIX FAYCCOBCKMX KOMMIEKCHbIX CUrHanoB C HEWM3BECTHOW anpuopu NpoCTPaHCTBEHHOW
KOBapuauMOHHOW MaTpuuen Ha ¢oHe aaauTMBHBLIX COBCTBEHHbLIX TayCCOBCKMX KOMIMIEKCHbIX LUYMOB
HEeM3BECTHOW MoOLUHOCTM. 3agada oOHapyXeHUsi HEKOTOpPOro MPOCTPaHCTBEHHO KOPPENMpOBaHHOIO
Mones3Horo curHamna aHTEeHHOW pelleTkon MOXeT ObiTb copMynupoBaHa Kak Kraccuyeckas 3ajada
NPOBEPKM ABYX CIOXHBLIX rMnoTes. [Mpu 3ToM ncnonb3yemasi CTaTucTuka MMeeT BUA!

A=max L(u,X) /maxL(u,X)
uXxOw u,x0Q

roe L(M, Z) - dyHKumMsa npaBaononobus, w - nogobnacTtb, COOTBETCTBYOLLAA HyNeBow rmnoTtese Hy,
B MOJIHOM npocTpaHcTBe napameTpoB Q. Kputnyeckasa obrnactb OTKNOHEHUs rmnoTtesbl Hy onpepensiercs
13 HepaBeHCTBA ASN\nopor, NS HAXOXKOEHUA Anopor MO 38JAHHOMY YPOBHIO BEPOATHOCTU JIOXKHOW TPEBOIU

Pra = @; HEOBX0AMMO 3HATL BEPOSITHOCTHOE pacnpeaeneHne tect-ctatuctukm A (0<A<1). Hecmotps Ha To,
4yTo (PyHKUMA pacnpegeneHus OOOOLLEHHOrO OTHOLWLEHMS NpaBooONofobus He npeacTaBnsieTcs B
aHanuTUdeckom Buge, Ans yHkuMM V=AY Gbinv HaiigeHbl TOUHbIE AHANUTUYECKME BbIPaXeHUs As
MOMEHTOB ntoboro nopsiaka. Ha OCHOBaHMM MOMYYEHHbIX TOYHbIX BbIPaXEHWA A1 MOMEHTOB MOCTPOEH
psif, “3 OPTOroHasbHbIX MHOFOYNIEHOB, XOPOLLO annpPOKCUMUPYIOLLMIA MNOTHOCTb BEPOSITHOCTM CIy4YaliHON

BennuuHbel V. B kayecTBe HyneBoro ©Opanocb [B-pacnpepeneHue f(x)=I'(p+q)/(I'(p)I'(q))xp_q(l-x)q_1 c
napameTpamMu p M g, HaxXOOUMbIMW U3 YCITOBUSI PaBEHCTBA MEPBbIX ABYX MOMEHTOB [-pacnpegeneHvs u
nepBbIX ABYX MOMEHTOB cTatuctuku V. llocneaytolime yneHbl annpoKCUMUPYIOLLEro psiaa CTPOUNUCh C
MOMOLLIbI0 OPTOrOHamNbHbIX MHOFOYNEHOB AKOBWM NO M3BECTHbIM MOMEHTaM CTaTUCTUMKM Bonee BbICOKMX
NOpsIAKOB.

To4yHOCTb annpokcMmauumuM WHTerpanbHOn YHKUMW pacnpefeneHuss U TOYHOCTb HaXOXAEeHUs
nopora Mo 3aJaHHOW BEpPOSITHOCTU MOXHOW TPEBOrM Mpu pasfnMyHOW AMMHE annpoKCUMUpYoLLero psaa
NpoBepsaAnnCb NyTeM YUCHEHHOro MoaenupoBaHus. Ons 5-aneMeHTHOW aHTeHHou pewleTku npu 10 u 15
BbIOOPOYHbLIX 3HAYEHUsIX Haxogunacb JKCnepumeHTanbHasd QYHKUUSA pacnpegeneHiss o0o06LeHHoro
OTHOLLEHUSA npaBagononobus Ha ocHoBaHuM obpaboTtku 100.000 peanusauun. Npu 3agaHHON BEPOATHOCTU
noxHon tpeBorn Pgsy = 0.01;0.05;0.1 no akcnepuMeHTanbHOW YHKLMM pacnpefeneHnss Haxoaunucb
MoporoBble 3HaYeHus cTatucTukmn V. OTU XKe MOPOroBble 3HAYEHUS HAXOAUIMCb aHaNnMTUYECKM C MOMOLLbIO
annpoKCMMMPYIOLLEro psaa pasnvMyHOn AnuHbl. [lokasaHo, YTO yXe HyneBoe NpubnvkeHwe nossonsieT
yCTaHaBNMBaTb BEPOSITHOCTb NMOXHOW TPEBOrM C TOYHOCTBIO A0 5%. cnonb3oBaHrne annpoKCUMUPYHOLLIETO
psga ¢ y4eTOM MOMEHTOB 4-ro no3BonseT yCTaHaBNMBaTb BEPOATHOCTb NOXHOW TPEBOrM C TOYHOCTbLIO A0
1%.
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EXACT EVALUATIONS OF DISTRIBUTION FUNCTION OF A GENERALIZED LIKELIHOOD RATIO
FOR THE DETECTION OF SPATIAL PARTIALLY COHERENT SIGNALS IN THE SHORT SAMPLE
CASE

Bolkhovskaya O., Maltsev A., Presti L.

The generalized likelihood ratio (GLR) test is widely used for a solution of a detection task of
signals with unknown statistical characteristics in case of noise present with unknown parameters too. The
GLR- method uses a likelihood ratio as a test-statistic, in which all unknown parameters of a signal and
noise are substituted by them ML-estimates. In general, obtained test-statistic has complicate probability
distribution. This does not allow to find analytically the test-statistic threshold for the given constant level of
false alarm probability (Pga). Therefore, the various numerical or asymptotic methods good for the large
sample size are used.

In the present work the constant-false-alarm-rate (CFAR) detection task of multidimensional
Gaussian complex signals with unknown spatial covariance matrix on a background of additive Gaussian
complex noise of a unknown power is solved. The detection problem is formulated as classical two-
hypothesis alternative and the test-statistic is

AN=maxL(u,X) /max L(u,X).
u,x0w u,x0Q

Here L(U,2) is the likelihood function, w is the parameters sub-region corresponds to the null
hypothesis Hy, in the full parameters space Q. The rejection region of a hypothesis Hy is determined from
an inequality A<Ay., where Ay, is the test-statistic threshold. To determinate Ay, for the given false alarm
probability Pea = a it is necessary to know distribution function of the test-statistic A (0<A<1). In spite of the
fact that the distribution function of the random variable A is not represented in an analytical form, the exact
analytical expressions for statistical moments of any order for the function V = A"™ were found. On the base
of obtained moments the series from orthogonal polynomials well approximating probability density of the
random variable V was constructed. In this way as a zero approximation the beta probability distribution
fx)=F p+q)/ T (P T @) x " (1-x) 9! was used. Two beta density function parameters p and q were
calculated from the condition of equalities for first two moments of the beta probability distribution and the
test-statistic V. The next terms of the approximating series are constructed with the help of orthogonal
Jacobi polynomials on the base of known test-statistic higher orders moments. The accuracy of the
cumulative distribution function approximation and the accuracy of threshold calculations on the given Pga
for various numbers of approximating series terms were checked by simulation. For a 5-element antenna
array with 10 and 15 samples the experimental cumulative distribution function of the test-statistic V from
processing of 100.000 realizations was constructed. On the experimental distribution function the threshold
values Vy, of the test-statistic V for the given probabilities of a false alarm Pg, = 0,01; 0,05; 0,1 were found.
The same threshold values were analytically calculated through employing the approximating series of
various length. It is shown, that already zero approximation allows to determine Pgra with accuracy better
then 20%. The use of the approximating serieses with four terms (taking into account four test-statistic
moments) and six terms (taking into account six test-statistic moments) allow to calculate Pga with accuracy
better then 5% and 1% respectively.
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