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Bonpocbkl cvHTE3a onTuUMarnbHbIX anropuTMOB MHOroanbTepHaTUBHOMO OOHapyXeHUs CuUrHanos
Xopowo paspaboTaHbl ANA cryyas MOMHOW anpuopHon WHGOPMaLMU OTHOCUTENbHO pacnpedeneHun
BEPOSATHOCTEN Ha NPOCTPaHCTBaxX rmnoTes u Habngaembix peanusaumi [1-4].

3HauMTenbHO  MeHblle  MCCMNedOBaHbl  3adayuM  CUHTE3a  ONTMMarbHbIX  anrOpuTMOB
MHOroanbTEPHATUBHOIO OOHApYXeHWsi B YCINOBUSAX arnpuOPHOW HeonpedeneHHOCTM OTHOCUTENbHO
CTaTUCTMYECKUX XapakKTEPUCTUK CUrHamnoB 1 nomex. B ynomsHyTeix 1 gpyrux pabotax (cm., Hanpumep, [5-
7] v panbHenwyw 6ubnuorpacuio B HUX) NPU CUHTE3e MpoLeayp MHOroarlbTepHaTMBHOrO obHapyXeHus
ucnonb3oBaHa OariecoBckas KOHUENUUs MWHMMyma cpegHero pucka [7]. Tpyn 3TomM BepOATHOCTU
nosieneHns obHapyxmnBaembIX CUrHamoB (rMNoTe3) CYMTAKTCH U3BECTHbIMU. BanecoBckoe onTMManbHoOe
pelleHne 3TOM 3afaunm Mo KPUTEPUID MUHMMYMa CpedHerh BeposTHOCTU oOwnbok 6bino  nonyyeHo
MuwgontoHom wn BaH Mwutepom [1]. B peanbHbix paguoTEXHUYECKUX CUCTEMAX paauoriokaumu,
paguoHaBuraumn, paguMocBsasn U Ap. Bcerga umeeT MecTo anpuopHas HeonpeaeneHHOCTb, B YaCTHOCTU
HEN3BECTHbIMU SABNAIOTCA BEPOSATHOCTU MOsIBNieHns obHapyxmBaembix curHanos. bonee Toro, B psge
crnyyaeB He MOXeT ObITb MNOCTYNMPOBaHO AaXe CYLLEeCTBOBaHME 3TMX HEM3BECTHbIX BEPOSITHOCTEN, TaK YTO
HenpuemreMbIM OKa3blBaeTCA U KnacCUYeCKUii MMHUMaKCHbIM nogxon, [8].

CnegctBuem  anpuopHOW  HeomnpedeneHHoCTM  3Toro  Buaa  sBMAseTCd  KputepuarbHas
HeonpeaeneHHOCTb, 3aKMYalLascs B TOM, YTO Ka4ecTBO (DYHKLVNOHMPOBAHNS CUHTE3UPYEMOWN CUCTEMBI
obHapyXeHus1 He ygaeTcs BblpasvUTb O4HUM Mokasatenem (Tuna cpegHero pucka). BosHukaeT npobnema
CMHTE3a pewawwmx npouedyp MO HECKONbKMM MOKa3aTensm KadecTtBa (MHOrokputepuanbHas
ontumunsauums) [9, 10].

B obuwen noctaHoBKe 3afava CUHTE3a OMNTMManbHOrO anroputMa MHOroanbTePHATUBHOMO
OoBGHapyXeHNs1 Mpu HEeu3BeCTHbIX BEPOSATHOCTAX MNOosIBNeHus1 curHanos Obina peweHa B [11-15].
MonyyeHHbIn B [11] anropuTm no3gHee LUMPOKO Mcnonb3oBarnca B paboTtax Apyrux asTtopoB [16,17].
Heobxoanmo oTmMeTUTb, 4TO B TOW pabote ObINo gaHo o6obueHve nemmbl Henmada-lNupcoHa Ha
MHOroanbTePHATUBHbLIN BapuaHT. [onyyeHHbI anroputM faeT pelleHne 06 obHapyxeHwn curHana c
pasnuyeHnemM, Toraa Kak M3BECTHble B MaTemMaTU4eckow CTaTUCTMKe AoKasaTenbCcTBa Nemmbl HerimaHna-
MupcoHa 1 ee 0606LLeHMs [5-7] oaloT pelleHne Tonbko 06 0bHapyXeHUn curHana.
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B aton pabote, asnswowenca obobuweHnem [11], paccmaTtpuBaemas 3agadva pelwlaetcsa B bGonee
o6Len nocTaHoBKe U Ans 6onee LWMPOKOro Knacca anpvopHon HeonpeaeneHHOCTU.

CTpykTypa (anropuTm) cucTeMbl OOHapYXeHWsi 3aJaeTcsi COBOKYMHOCTbIO pellalomx npasun
MHOroanbTEPHATUBHOIO OOHApyXeHUss U pasnuyeHusi. [pu  yCnoBHO-3KCTpeManbHoW OopMynMpPOBKE
KpUTEpPUS  ONTMMAanbHOCTM C  UCMONb3oBaHMEM 00O0OWEeHHOW Teopembl KyHa-Takkepa, nonyyeH
ONTUMAanbHbIA AnNroOpUTM MHOroanbTEPHATUBHOIO OOHapyXeHust U pasnuyeHnsi. CTpyKTypHas cxema
KOTOpOro npmeegeHa Ha puc. 1.
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Foe X(t)2s, (t)+&,(t), npu H,, v =0,M, ¢0[0,7] - Habnionaemsie peanmsaumm, H,, — runotess!

o nepegaue curranos S, (t), p(t)=0; A, (X)8p,(X)/po(X), v=LM - orHoweHus
npaegonoaobus; [y, (Y(| Hy )—yCJ'IOBHbIe (npn H,, ) nnotHocT pacrnpeneneHust Npy HabrioaeHnn BEKTOPHOM
peanmsaumm X = (xl,...,xn) npocTpaHcTBa HabnogeHun X :{5c} (X OR" - n-vepHoe eBKnMaOBO

MPOCTPaHCTBO), X; — KOoOpAMHaTLI CryvariHOro npolecca X(t) Ha WHTepBane Habnwogenws [0,T], i = I,_n [3, 4];

M
Psv éP{H v|H]} — yCroBHble (Npu rvnoTese Hl = UH y Hanmuns (hakTa nepenadun) BEPOSATHOCTU Nepefayn
v=l1

M

«HeHynesbix» curHanoe S, (t), v =L M, zPSv =1; Ag,Ag —MHoxuTenm Jlarparxa, oGecreurBatoLLme
v=l

BbIMONMHEHME 3afaHHbIX orpaHudeHun [11, 12]. OntumanbHas CTpykTypa cogepXut M BeTBen 00paboTku

peanuzaumin X(t), B KaXXOOM U3 KOTOPbIX BbIMUCASETCS (DyHKUMOHAN /\V = /\V[X(t)], V=1M, yMHOXEHHbI

Ha anpuopHyl0 BeposiTHOCTb P, , cxemy Bblbopa makcumyma (CBM), Ha Bbixoae KOTOPOW BblOaeTcs HoMep

Makcumyma (Homep MAK) u BenuumHa makcumyma (BermumHa MAK), cxemy dhopMmpoBaHns MoaMcpmLMpOBaHHON
CTaTUCTVKM OBHapYyXeHWs

M
Ng :)‘Elgzﬁ/[{Psv/\v} +(1_)\E)VZIPSV/\V'

lMprnemMHo-peLLatoLLiee YCTPONCTBO COAEPXKUT Takke cxemy cpaBHeHus (CC) /\g C Noporom obHapyxeHus

No&A oM v 6ok hopMUpPOBaHWS OKOHYATENbHBIX peLleruii (EPOP).
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lMokaszaHo Takke, YTO M3BECTHble paHee onTumanbHble BariecoBckue anropmTMbl OBHAPYXKEHUS U
pasnuyenuns [1-4] ABNSOTCS YaCTHBIMK CriydasiMy nonyyYeHHbiX B [11-15] n gaHHon pabote onTuMarnbHbIX
anropmTmMoB OBHapyXeHWs 1 pa3nuyeHus.

lMpoBeaeH YMCNEHHBIN pacdeT BeposTHOCTEW owubok. Ons M=1 un 10° 3aBUCUMOCTH BEPOSATHOCTEN

* *
nponyCKaPHp, W OWWBOYHOTO pasnuueHnst P, OT OTHOLUEHUS CUrHamn-lyM ¢ NPy PasfnyHbIX 3HAYEHUSIX

+ _ N *
BEPOSTHOCTU NOXHbIX Tpesor P =10" +10° n3obpaxeHbl Ha puc. 2, 3. C poctom M BepoOSATHOCTb PH]‘D

* *
Bo3pacTaeT 6bicTpee P , Ans koTopoii BeinonHsietcs yenosue Py (g, M) < F' ans no6bix g n M.
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MogpobHO paccMOTpeHbl YacTHbIE CrydauM OMTUMAarbHOrO MHOrOanbTePHATUBHOTO OBHAapyXeHus u
pasfnMyeHnss CUrHaroB MpW  KOrEpeHTHOW W HekorepeHTHow obpaboTke. [lpuBegeHbl  pesynbTathbl
aHaNUTUYECKNUX M YUCMEHHBIX pacyeTOB BEPOATHOCTEW owwmboK obHapyxuTens. [NpoBedeH CpaBHUTENbHbIN
aHanus3 ¢ pesynbTatamu nosydeHHbiMn [JobpywmHbiM [18] n BanHwrerHom 1 3ybakoBbiM [19]. INprBeaeHsI
CTPYKTYpHblEe (PYHKLMOHamMbHbIE) CXeMbl BO3MOXHOW MPaKTUYECKOW peanv3auyu OMTUMarbHbIX anropuTMoB
MHOroanbTEPHATUBHOTO OOHAPYXEHUS U pasnMYEeHWs CUrHaroB B CUCTEMax pagvoriokauvn, pagmocBsasu,
pagvoHaBuraumm 1 op. paguoTeXHUYECKUX CUCTEMAX.
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Problems of synthesis of optimum algorithms for multialternative signal detection are well
developed for the case of total a priory information about probability distribution on hypotheses and
observable realizations spaces [1]-[4].

The tasks of synthesis of optimum algorithms for multialternative detection under a priory
uncertainty conditions in signal and interference statistic characteristics are substantially less investigated.
In afore-mentioned and other works (e. g. [5]-[7] and references to them) during multialternative detection
procedures synthesis Bayesian concept of average risk minimum is used [7]. Probabilities of detectable
signal (hypotheses) occurrences are considered known. Bayesian optimum solution of this problem on the
test of mean error probability minimum was obtained by Middleton and Van Meter [1]. In real radar, radio
communication systems always takes place a priory uncertainty, in particular the probabilities of detectable
signal occurrences are unknown. Moreover in many cases we can not postulate even existence of these
unknown probabilities, so even the classical minimax approach becomes unsuitable [8].

As a consequence of such a priory uncertainty is a test uncertainty, consisting in the fact that
quality of detection system operation cannot be expressed in terms of one measure (such as an average
risk). Inevitably the problem of synthesis of decision procedures on some figures of merit arises
(multicriterion optimization) [9], [10].

In general statement the synthesis problem of optimum algorithm for multialternative detection under
unknown probabilities of signal occurrences has been solved in [11]-[15]. Later the obtained algorithm [11] is
widely used by other authors [16], [17]. It should be noted that generalization of Neyman-Pearson Lemma for
multialternative version was given in [11]. The obtained algorithm gives a decision on signal detection with
recognizing, while the well-known in mathematical statistics Neyman-Pearson Lemma proofs and its
generalizations [5]-[7] give solutions only in signal detection.

In this paper, which is a generalization of [11], the problem at issue is solved in more general
statement and as applied to wider class of a priori uncertainties.

Detection system structure (algorithm) is specified by decision rules set for multialternative
detection and recognizing. According to conditionally extremal formulation of optimality criterion under
using the generalized Coon-Tucker Theorem we have obtained the optimum algorithm for multialternative
signal detection and recognizing.

It is shown as well that previously known optimum Bayesian algorithms for detection and
recognizing [1]-[4] are particular cases over cases, obtained in [11]-[15] and in the present work.

Particular cases of optimum multialternative signal detection and recognizing under coherent and
noncoherent processing were discussed in more detail. Results of analytical and numerical computation of
detector error probabilities are presented. We carried out comparative analysis of obtained results with results,
obtained by Dobrushin [18] and Weinstein and Zubakov [19]. Structure (operating) diagrams for possible
practical realization of optimum algorithms for multialternative signal detection and recognizing in radar, ratio
communication, navigation and other systems are presented.
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