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B knaccuueckoit Teopuu 1uppoBoii 00pabOTKK CHTHAJOB, /IS OMHMCAHUS MOCIEIHMX YacTO HCIOJb3YeTCs
amnmapar TEOpUM CIIy4alHbIX mporeccoB. OCOOCHHO MIMPOKO Takoe OMHCAaHHE WCIONB3yeTCs B  3ajadax
PaHONIOKAIMY, PAJUOHABUTALIMK, PAJUOYNPABICHUS, CTATHCTHYCCKOW TEOPHH CBS3M, CTATHCTHYECKOW TEOpHU
ONITHMAIILHOTO yINpaBieHHus. B HacTosilee BpeMsi JOCTATOYHO XOPOIIO pa3paboTaH MaTeMaTHYeCKWil ammapat
CHHTE3a ONTHMAIIbHBIX YCTPOMCTB 00pPa0OTKH CIIy4aliHBIX CHTHAJIOB [1], KOTOpBIH MIMPOKO MCIONB3YeTCs B 3ajadax
OOHApYXCHUS M PA3IMUCHUS BPEMCHHBIX M MPOCTPAHCTBCHHO-BPEMECHHBIX CHUTHAJIOB, OIICHKE IMapaMETPOB CHUTHAJIOB,
(GWIBTpaK CrIIaXUBAHUS, SKCTPAMONIAINH HHOOPMAIIMOHHBIX MpoleccoB U np. C APYroil CTOPOHBI, B MOCICIHUC
TOJIbl HHTCHCUBHO Pa3BUBAIOTCS M MPOMAraHIUPYIOTCS HEHPOCETEBBIC METOMABI U AITOPUTMBI 00pabOTKH CHTHAJIOB,
KOTOPBIE TAKKE PEKOMEHAYIOTCS JUIS PEIICHHS YKa3aHHBIX BBIIIC 3aa4. [Ipy 3TOM 4acTo HE MPOBOAUTCS NCTATBHOTO
U KOPPEKTHOTO CPAaBHEHUS XapaKTePHCTUK KayecTBa pEIIacMbIX 3aJad MpPU HCHONB30BAHUH IIPEIaraéMbIX
HEHPOCETEBBIX ANTOPUTMOB C AHAJOTMYHBIMH XapaKTCPUCTHKAMH, TOTYYCHHBIMH TPH HCIIOIB30BAHUN W3BECTHBIX
CTaTHCTHYECKUX AJTOPUTMOB, & €CJIM Takoe CpaBHEHHE W ITPOBOJHUTCS, TO, KaK MPaBHJIO, OKA3bIBACTCS, UYTO
HEeWpOCeTeBble ANTOPUTMbl HMMEIOT JIYYIHE XapaKTEPUCTUKH, Y€M COOTBETCTBYIOIIUE CTATHCTHYECKUE ATOPHUTMBI
o6pabotku (Hampumep, [2]) .

[enpio moKIana SIBISIETCSI MPOBEICHUE CPABHUTEIHLHOTO aHAM3a XapaKTEPUCTUK HEHPOCETEBBIX alrOPUTMOB
1 CTaTHCTUYECKHX aJITOPUTMOB ITU(PPOBOH 00pabOTKH CUTHAJIOB NMPHMEHUTENBHO K 3ajJade OOHApYKEHUs CHUTHAjA,
HaOIrO1aeMOro Ha (DOHE CITyJaifHOW MOMEXH.

BBuny orpaHuueHHOCTH oOOBEMa JIOKJIaga paccMaTpUBAcTCs TpocTeimas 3amada  OOHApyKCHUS
JICTEPMHUHUPOBAHHOTO CHTHala, HaOIr0maeMoro Ha oHe OeJoro rayccoBCKoro Iryma. /laHHas 3amada B3sTa MOTOMY,
YTO JJI1 HEe M3BECTHO CTPOTOC AHAIUTHYCCKOE PEUICHHE B PAMKaX CTATUCTUYCCKOW TCOPUM M MOXKHO IMOJIYYHTh
CTpOTOE pelIcHHE I HeHpoceTeBOro aroputMa. He cMOTps Ha JOCTATOYHO YaCTHYIO PacCMaTPUBACMYIO 3a/1ady, U3
HEC MOXHO CJHeNaTh psA OOIMX BBIBOJOB OTHOCHTCIFHO COOTBETCTBHS HEHPOCETEBBIX U CTATHCTHYCCKUX
AITOPUTMOB 00pabOTKM CHUTHANIOB, O TeX O00JacTsIX, e TOT WJIM HHOM aIrOpUTM MOXKET JaBaTh JydIlIne
XapaKTEePUCTUKH, O TOM, KaK HaJ0 00ydaTh HEHpOCETh MpPHU €€ HCHOJIB30BAHUM B 33]adax OOHAPY)KEHHUsI CUTHAJIOB.
Hekortopble ©3 O0OMIMX BBIBOAOB IOATBEPXKAAIOTCS pPE3yJIbTaTaMH MOJCIUPOBAHHUs Oojiee CIOXHBIX 3a1ad
0OHapyXEeHHS CUTHAJIOB.

IMycTe HabmOMaETCS BRIOOpKA { b% k} , k=1..K Buna
Vi =98, +n, D
rae y, — k-it orcuer BbIOOpKH, S, — M3BECTHbIC 3HAYCHHUS CHTHAIA B K -M OT4eTe, /1, — JMCKDPETHBIA Oelblil
. . 2 N
rayCCOBCKHiA IIyM C HYJEBBIM MAaTeMaTHYECKUM OXHIAHHEM M Jucrepcueil O, , ¥ — ciydailHbll mapamerp,

HpI/IHI/IMaIOIIII/Iﬁ 3HaueHnsI O u 1 ¢ AlIPUOPHBIMU BEPOATHOCTAMU P, U pP; COOTBETCTBECHHO.

Cratuctrueckass Teopuss OOHApYKCHHS NaeT CICIYIONIMNA ONTHMAILHBIA alTOpPHTM O0OpaOOTKH BXOIHBIX
curraios [1]
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anroput™ 06paboTKy (2) HE MEHSETCS, a MEHAETCS JIMIIb 3HaYeHue nopora /. Takum 00pa3oM, B paccMaTpUBAEMOM
3a7ade OOHApYKEHHs IETCPMHUHUPOBAHHOTO CHUTHAJIa M TayCCOBCKOM MOMEXHU MPH JIOOBIX KPUTEPHIX ONTUMM3ALNN
ONTUMAJIBHBIA anropuT™M o0paboTku (2) BKIIOYACT JMHEHHYI0 00pabOTKy BXOJHBIX OTCUETOB M CpaBHEHHE C
IIOPOTOM.

PaccmoTpuM HelipoceTeBble alrOpUTMBI B 33j1ade oOHapyxeHusi curHaia (1). B oOmem ciydae HelipoceTh
SBISICTCSl HeNMMHEeWHON cuctemoil [3]. OmHAKO, yYMTBIBAs, YTO CTATUCTHYECKAas TEOpHs OOpaOOTKH CHUTHAIIOB JaeT
JIMHEWHBIH ONTHMAaJIBHBIN aaropuT™ 00pabOTKH, PACCMOTPHUM CHavalla JIMHEHHYIO HEHPOCETh, MPUBEICHHYIO Ha puc. 1.
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Jlnst o0ydueHHsT HEMPOCETH HCIONB3yeTcs N  peanusanuii
Buga (1). Tlpu ostom Oygem mnomarats, yro B N, = p N

peammsammsix mapamerp 9 =0, a B N, = p;N peanusaumsx

9=1.

Paccmorpum  nuHeliHyto Heifpocets ¢ K BXodamm. o
OOBIYHO B HEHPOCETH  BXOJHBIE CHUTHAIBI  TOJIBEPTarOTCS
MacimitabupoBanmio.  Takas  Tporeaypa  CyIIECTBEHHas IS
HEJIMHEWHOW chcTeMBbl. J[Jsl THHEHHON CHUCTeMBl MacIITaOHpOBaHHE
HE WIpaeT NPUHIMITHAILHOTO 3HAYCHHS, HO HECKOIBKO YCIOXKHSIET
MaTeMaTHYecKue BBHIKIaIKd. [loaTomMy Himke OyneM paccMaTpHuBaTh
HeHlpoceTh 0€3 TpeIBapUTENHLHOTO MAaCIITa0MPOBAHUS BXOJHBIX
CHUTHAJIOB.
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Y 284 PomP oy, ©
g, 2 Zpl(l_pl) q

rae q = —g — OTHOLLCHHME CUTHAJI/IIyM Ha BXOJE CHCTEMBI 00paboTKH, P, = % .
n
TakuM o00pa3oM moiydaeMm, 4YTO HEHPOCETEBOH auropuTM IpH MPHHATOH mpouexype oOydenus (6)
(aKTHYECKH pean3yeT KIACCUYECKOE MPaBWio oOHapyxkeHus. OJHAKO BEIMUMHA TOPOra /I HECKONBKO HHAS.
[puuem, nepBOe cliaraeMoe B COOTHOIIEHHH T 1opora ¢ /2 Takoe e Kak U B OOHAPYKUTEINSX, CHHTE3MPOBAHHBIX

0 KPHUTCPUI0 MAaKCHUMyMa amoCTCPUOPHON BEPOSATHOCTH. Pasnwyue IUIIE BO BTOPOM ClaracMoM, 3aBUCSIIEM OT
BEPOSATHOCTCH HAIWMYMS WIH OTCYTCTBHS CUTHANA. J[7s1 HEHPOCETH 3T BEPOSTHOCTU OIPEICISIOTCS IMPOLECCOM
00y4eHHUS CeTH.

MonenupoBanue HeipoceTeBoro anroputma ¢ wucnonb3oBanueMm makera STATISTICA Neural Networks

¢Gupmbr SatSoft, nposenennoe st curnama S, = ACOS(Z /K + (I)O), MOATBEPAWIO (PAKT HACTPOMKH BECOBBIX

k03()(DUIMEHTOB B COOTBETCTBUU C (opmyiamu (7), a, CIIEAOBATEIBHO U PEATM3AlMI0 B UTOrOBOM HEHPOCETEBOM
anroputMe npaBuia oOHapyxkeHus (9). Ilpu 3TOM XapakTepUCTUKH OOHAPYKEHUsS (BEPOSATHOCTH IPABHUIBHOTO
O0OHApYXKCHHUS, BEPOSITHOCTh JIOXKHOM TPEBOTM) B HEHPOCETEBOM alIrOPUTME HE JIy4IlIe, YeM B CTATHCTUYCCKOM
aNTOpPUTME TIPM OJHOM W TOW e BenwdmHe nopora /. TepMun “He nydnre” 31ech yHoTpeOJeH MOTOMY, 4YTO B
TIPOIIecCe PeaTbHOTO O0yUYeHMsI HEHPOCETH BeCOBbIe KOA(DGHUITUEHTHI IMOCIe 00yUeHHsI COOTBETCTBYIOT opMmyinam (7)
C HEKOTOpPOW TOTPEIIHOCTHhIO, KOTOpas 3aBUCHUT OT oOBbeMa OOydJalolMX MaHHBIX WM TPHBOAWT K HEKOTOPOit
HEONTHMAIBHOM HEHPOCETH U, KaK CICICTBHE, K YXYIIICHUIO TOYHOCTHBIX XapaKTCPHUCTHK.

CremyeT OTMETUTH OIHY TNPHHIUIHAIBHYIO pAa3HUIy MEXIy HEHPOCETEBBIM U CTATHCTHYCCKUM
aIrOPUTMOM. B CTaTHCTHYECKOM aNropuTMe BEJIMYMHA MOPOra /A 3aJaeTcs anpHOpHO, a B HEUPOCETEBOM AllrOPUTME

OHa OIPEAEIHICTCS IpoLeccoM o0ydeHus, T.K. B (9) mpasas 4acTb 3aBHCHT OT Dy, P;,q , KOTOPbIC ONMPEHCISIOTCS

pexxuMoM oOydeHms. Ecim B pexnme oOydeHHsS MEHATH XapakTepuctuku N, N, WM BHI paclpencieHus

MMOMEXH, TO OyAeT MEHSAThCS M 3HAYCHUE IOpOra, a, CICIOBATENBbHO, M XapaKTePHCTUKU oOHapyxeHus. OTcrona
CIICAYeT BaXHBIM BBIBOJ] O TOM, 4YTO ampuopHas HHGOpPMAIMS O CTATHCTHYCCKUX XaPAKTCPUCTHKAX BXOIHBIX
CUTHAJIOB, KOTOpas UCIIONB3YETCsl B CTATUCTHYCCKON TEOpUH 00paOOTKU CUTHAJIOB KaK UCXOJHAS B TPOILIECCE CHHTE3a
ONTUMATILHOTO aNrOPUTMA, B HEHPOCETEBBIX ANTOPUTMAaX 00paOOTKU JOJDKHA KOPPEKTHO HCIOIB30BATHCS HA CTaIUU
o0yueHusi HeifpoceTn. J[pyruM CIEICTBHEM SBIISIETCS TO, YTO, €CIAM anpuopHas HH(opMaumus O CTAaTUCTUYECKHX
XapaKTEePUCTUKAX BXOJHBIX CHIHAJIOB OTCYTCTBYET, TO HEOIPEACICHHBIM CTAHOBUTCS W KOPPEKTHas Mpoleaypa
obOyuenust cetu. KoHeuHo, ceThb B mporecce JO00ro oO0ydeHWsl deMy-To Haydutcs. OmHaKko, HACKOJIBKO 3TO
COOTBETCTBYET MOCTABJICHHBIM EJSIM U pelIaeMoii 3a/1aue 0CTaeTCsl HeonpeelieHHbIM. [103TOMy TOYHOCTHBIE U HHBIE
KOJIMYECTBEHHBIE XapaKTEPUCTHKH HEHPOCETEBBIX aITOPUTMOB HE BCETAa MOTYT OBITh JIyYIle XapaKTEPUCTHUK
H3BECTHBIX AJITOPHUTMOB.

Hcnonp3oBaHue B paccMaTpHBacMOW 3aladye HENMHCHHBIX HEWpOoceTell NPUBOMUT K  YXYIIICHUIO
XapaKTCPUCTUK TAKUX YCTPOUCTB.

B nmoxmame paccMaTpuBaeTCs —emie  OJHAa 3ajada  OOHApPYXKEHUS - OOHApyKEHHWE CHUTHAJa

S, = ACOS(Z /K + (I)O) C HeW3BeCTHOI (cirydaiiHoi) HauanbHON dasoit ¢, Habmozaemoro Ha (oHe Genoro

rayccoBckoro 1ryma. CraTuCTHuUecKas TeOopus JUId TakoM 3ajaud [JaeT M3BECTHBIM alNroOpUTM JIMHEHHOIo
JCTCKTUPOBaHHs OruOaroleil curHana W cpaBHeHHe ¢ moporoM [1]. Takoit amroputm o006pabOTKH sBIsSETCS
HEJIMHEMHBIM, MO3TOMY HEHpOCEeTeBOM aNropuTM Takke MHCKalcid B Kiacce HEIMHEHHbIX. B pesynbpTare
CTaTHUCTHYECKOTO O0YYEHHs MOIy4YeHA CTPYKTypa HEHpOCETEeBOTrO aJrOPHTMa M HCCIIEIOBaHBI €T0 XapaKTePHCTHKH,
KOTOpBIE OKa3aJIMCh XY)KE, YeM /ISl CTATUCTUYECKOTO aropuT™Ma o0paboTku. OTCI0a MOXKHO C/IENaTh BBIBOJ O TOM,
YTO, €CIM BXOIHOW CHTHAI HMMEET JACHCTBUTENBHO CTATHCTUYECKHH XapakTep M €ro CTATUCTUYECKOEe OIHCaHHe
M3BECTHO M TaKOBO, YTO JIONMYCKaeT peIleHWe 3aJaddl CHHTE3a ONTHMAJIbHOIO alropurMa o00paboTKH
CTaTHCTUYECKUMH METOJaMH, TO JaHHBIE METOJIBI U CIEAYET UCIIOIb30BaTh, T.K. HEHPOCETEBbIE METO/IBI U AJITOPUTMBI
B TaKMX 3a/1a4ax He AAAyT JIydIIero pe3ysbTara.
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THE COMPARATIVE ANALYSIS OF NEURAL AND STATISTICAL ALGORITHMS IN PROBLEN OF
SIGNAL DETECTION
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The purpose of the report is the realization of the comparative analysis of characteristics of neural and
statistical algorithms of digital signals processing with reference to the problem of detection of a signal observable on
a background of arandom noise.

We shall consider the elementary problem of detection of the deterministic signal observable on a background

of white gaussian noise. There is observed a sample {yk} , k=1..K of thekind
Ve =98, +n,, @
where y, - the sample readout with number &k, S, - known value of the signal in the sample readout with number

k, n, - discrete white gaussian noise with zero mathematical expectation and dispersion Gﬁ, 9 - parameter
accepting values 0 and 1 with apriory probabilities p, and p, accordingly.
The statistical theory of detection gives the following optimal agorithm of processing of input signal [1]

K
EK=LZZJ’1{S1{ >h, 2
n 1=l
where £ - threshold, which value depends on the chosen criterion of optimization. Thus, in the examined problem the
optimal algorithm (2) includes linear processing of input readout and comparison with athreshold.

Taking into account, that the statistical theory of signal
processing gives linear optimal agorithm (2), at first we consider the
linear neural network, given in Fig. 1. For training this network is used
N redizations of the kind (1). Thus we shal believe, that in

N, =p,N redizations parameter 9 =0, and in reaizations

N, =p,N wehave & =1.

Let the linear neural network has K inputs. Let's consider the
network without preliminary scaling of input signals, since for linear
system it does not play basic role. During training of the neural network
by i sample the readout (2) is fed on the & input. The signal on the
output of the neural network is described by the formula

Fig.1. Linear neura network
u=9=c'y, 3
where y = (13, y, ... y¢| . €=|cy ¢ ... cx|" —factors subject to optimization.
During training of the neural network the square function is minimized

Re b3 (o-8) = r=t B (ea) o 3 [1-e00) B

where yl(l) , y,(O) correspond to training samples at presence and absence of the signal S}, which number is equal
N, and N, . For the linear neural network minimization of (4) can be executed analytically, that gives the following

expression for optimal factors

e e W~ . md(l-7)
e _pl(l (S COP’))’ e (1"'15157(1_151))1‘75 > ©

where the designations are used

TLS=|S) S, L S

c= |c1 e Ck

T & o O S AT S S |
'ES_ZS’pl__’q_sz o-n’o-n_z

. . . - . . caul
Let's define the algorithm of detection as follows: the decision of signal presence is accepted, if 92 —.

[\

Then from (3), (5) it is possible to receive the algorithm




3-a MexxayHapogHasa KoHdepeHuns DSPA-2000

Y a0y DoZliodl =y, ©)
o, 2 2p1(1_P1) q

where ¥ =|y, », ... v¢|". ¢=Es/0, —signa-to-noiseratio, p, = Ny /N .
Thus we receive, that at the accepted procedure of training (4) the neural algorithm realizes a classical rule of

detection. However value of the threshold differs from some, that reflects the fact of other optimization criterion.
The modeling of the neural algorithm with use of the soft STATISTICA Neural Networks of StatSoft firm,

carried out for the signal S, = Acos(2 /K + ¢0), has confirmed the fact of adjustment of weight factors

according to (5) with accuracy =10% . Thus of the characteristic of detection (probability of correct detection,
probability of false alarm) in the neural agorithm is not better, than in statistical algorithm at the same value of
threshold. It is necessary to note a difference between the neural algorithm and statistical algorithms. In statistical
algorithms the value of threshold is set apriory and in the neural algorithm it is defined by the process of training, since
in (6) the right part depends from p,, p,,q . From this it is followed the conclusion that apriory information about

statistical characteristics of input signals, which is used in the statistical theory of signal processing as initial during
synthesis, in neural algorithms should correctly be used at the stage of training of a neural network. An other
conseguence is that, at absence of apriory information about statistical characteristics of input signals a procedure of
training of a network becomes also uncertain. Therefore accuracy and other quantitative characteristics of neural
algorithms not always can be better than the characteristics of known statistical algorithms, as against the statement

[2].
Use in examined problem a nonlinear neural network results in deterioration of the characteristics of such
devices.

In the report one more problem of detection - detection of asignal S, = 4 cos(2 /K + ¢0) with arandom

initial phase ¢, is considered. The statistical theory for the such problem gives known algorithm of linear detecting of

signal envelope and comparison with a threshold [1], which is nonlinear. A neural algorithm was also searched as
nonlinear. The researches of such algorithms have shown that their characteristics are worse, than for satistical
optimal algorithm of signal processing. From here it is possible to make a conclusion that, if an input signal has really
statistical property and its statistical description is known and is those, that supposes the decision of problem of
synthesis of optimal algorithm by statistical methods, the given methods should be used, since neural network methods
and the algorithms in such tasks will not give the best result.
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