X(t)

OBLUMA METOL AHAJIU3A 3ODEKTUBHOCTU LIMKIMUYECKUX MPOLIEAYP MOUCKA CUIHAIIOB
HA OCHOBE UCMOJIb30OBAHUA MOJTYMAPKOBCKUX NPOLIECCOB N HAMPABJIEHHbIX TPA®OB

3nHuyk B.M., Kanaesa T.9., Jlumapes A.E., Cenpugoea E.B.

Oy BopoHexckun HAN ceaswy,
394018, BopoHex, NnexaHosckas 14, Ten.(0732) 52-58-22

LLnpoknin knacc pagmoTeXHUYECKMX CUCTEM paauonokauun [1], pagnoHasuraumm [2], pagnocesian [3-5] n
Op., Ha nepBbiXx 3Tanax paboTbl PYHKUMOHUPYIOT Kak MOUCKOBblE CUCTEMbl OBHapyxeHusd. Ha atom 3aTane
HeobxoaMMO OBHapYXUTb (PaKT HanMuMsa CUrHana u OCyLLECTBUTb OLIEHKY ero napameTpoB (4acTOTbl HECYLLEW,
BpEMEHN Mpuxoda (3a4epkkv), HampaBneHus mpuxoda W Ap.) C TOYHOCTHIO A0 LUMPWMHBI MOSIOChl 3axBaTta
CrnegsyMm YCTPONCTBaMM, OCYLLECTBNSIOLLYMUN TOYHYIO OLIEHKY MapaMeTpOB M CIIEXEHWE 3a HMMK B MnpoLecce
06paboTKM MHGOpMaLmK.

[Ona pacdeta nokasatenem 3(PMOEKTUBHOCTM W CTATUCTUYECKUX XaPaKTEPUCTUK LMKINYECKMUX
npoueayp noucka MWCMonb3yeTca MeTon Npov3BoAdAWMX (OYHKUMA U npeobpasoBanuni Jlannaca ans
HanpaBneHHoro (OpMEHTUPOBAHHONO) BEPOSATHOCTHOro rpadpa, OnUChbIBaKOLEero noBeAeHWe CUCTEMbI
noucka. [na nonyvyeHus npoumsBoadlien GYHKUUM MCMNONb30BaH MPOCTOW, HarnsgHbli U OYeHb
3(PPeKTUBHBIN METOA HanpaBneHHbIX rpadoB, pas3BuTbin XoBapaoM [6] npu aHanmMse CTOXaCTUYecKux
CUCTEM, MOOENUPYEMbIX MOSTYMAPKOBCKMMU NPOLLECCAMUN C KOHEYHBIM YMCIIOM COCTOSIHUA.

PaccmatpuBaeTtcs 3ajada aHanu3a nokasartenen a@eKTUBHOCTM LIMKNNYECKUX NpoLieayp noucka
n obHapyxeHus nonesHblx curHanoB S(t; [1) Ha ¢oHe Momex B orpaHudeHHon obnactu [ anpuvopHO

HEM3BECTHbIX MapamMeTpoB 9:(61,...,9,,)DQ OR”, t = 0, npUMEHUTENbHO K CUCTEMaM paguvorokauuu,

paguoceasn, paavoHaeuraumm U ap. [louckoBoe MpOCTPaHCTBO 0 - anpuvopHas obnacTb
HeonpeaeneHHOCTU MapaMeTpoB CurHana, B Takux npouedypax, kak usBecTHo [4], pasbusaetcs Ha

_ m

KOHe4yHoe uucno m =1 npsimoyronbHbiXx obnacTei (sveek) [, j=lm, Q= UIQJ- , QjﬂQk =0 npu
j:

izk, j, KO{1, ..., m}, KoTOpble 0OBpa3ylOT AUCKPETHble mpocTpaHcTBa novcka Q) ={Qj}’1’,’:]. Ayeiiku

Q,-DQ(’”) nooyepenHo npocMaTpuBaloTCs (aHanuaupytoTcsd) B onpedeneHHoMm nopsake. Ha aHanus

KaXkgon si4erku BblAenseTca orpaHuvyeHHbln pecypc BpemeHu T, > 0. Ha kaxgom ware o63opa Qtm
Npou3BOANTCS aHanM3 S4Yerkn MO HEeKOTOPOMY, perynspHomy B cmbicne [peHaHgepa, anroputmy
obHapyxeHus [7]. [Mpn aTOM C BEPOATHOCTbLIO [] BO3MOXHO FOXHOE OBHapyxeHue (noxHas Tpesora) npu
aHanuze m1 gduyeek He cogepxawmx curHan. [lpu aHanuse 4d4Yenku, copepxallend curHan, ¢
BEPOSATHOCTBIOL! NPOMCXOAMT NPOMYCK CUrHana, a ¢ BEpoATHOCTbIO 1—[] - NpaBuribHoe o6HapyxeHue [8, 9].

Bpewmsi aHanuaa (1> 0, 3aTpauMBaeMoe Ha oaHoM Lare o63opa Q)| 3aBucuT oT BUga anroputMa

. obHapyxeHus M B 0OWeM cry4yae OHO Cry4anHo
(OATBEPKACHUES
l yenewnoronowera—— [J[[Tg, Tal, Tog - MWUHMMarnbHOe BpeMs aHanu3a Ha

TIEPEXO01 B PEKHM
le

Kompenon o OGHapysurenh e ofHOM Luare noucka. MNouck npekpallaetcd, ecnu npu
KOHTPOJILHOTO 9 - -
obnapyxurems | Go M Oor aHanuse kakon-nmbo  k-om squerku, kO{1, .., m},
R T NPUHMMAETCHA peLLeHVe O HanmuMuun B SYelike curHana
S(t; 0), Te. 80Q,, k O{1, ..., m}. Ecnu xe curHan He
HTH K % ‘#
Torspaop Jf,:ﬁi?..leﬁ Verpoiictno Obin obHapykeH B TeYyeHMe OAHOro uukna obG3opa
KoJa Adeiike HM3MEHEeHUs! C
HocteoRa- saepkn yapatenns | QU™ 7O MOMCK BO3OGHOBISIETCS HA BTOPOM LKIE W
TEJTBHOCTH TIpH ITOUCKE cTpaTeruen
ToHCKa T.0. [8 - 13]
Tounas onerxa YcTponcTBo noucka, B 00606LIEHHOM BUAe
Cxoma surepn T nokasaHHoe Ha pwuc. 1, ocywecTBnseT npu 3TOM
— HZZZ’;‘SSZZL noovyepedHbli NMPOCMOTP S4YeeKk NyTeM MnepecTponku
¥ Cursan nepexoa » pex cnexerms KoppensiTopa-obHapyXuTensi, Ha KOTOpbIM nogaeTcs
11 OGHAPYKEHI CPLIR CHEXPOHIBALIIH OMOPHbIN CUrHan, CABUHYTLIN Ha BEMNUYUHY Ty, YTO
Puc.A COOTBETCTBYET k-0 npocmaTtpumBaemon siuerike.

@2002, anekTpoHHas Bepcus nogrotossieHa 3A0 ABTIKC Cankr-lMeTtepbypr, http://www.autex.spb.ru
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Boiwe ©Obima npvBedeHa npocTenwas cTpaTernsl Tak HasbiBAEMOrO LMKIMYECKOro nowcka. B
HacTosILLiee BPeMs CyLLeCcTBYeT OOSbLUOe 4YMCO MoauduKaumi LMKIMYECKMX npouedyp novcka. Ha puc.2,
cnepyst [xosaHoBuyy [14], npuBegeHbl HeKoTopble Haubonee xapakTepHble mfpoleaypbl MpocMoTpa
aHanmu3Mpyemoro nNpocTpaHcTBa BpeMeHn. Kak cnegyeT n3 o606LLeHHON CXembl YCTPOMCTBA Moucka, puc.1,
cTpaTterMm nepecTpoviku curHana OnpeaensioT CXemy ynpaBreHusi cTpaTerMen noucka, a obHapyxuternb
KOppensiTop HayanbHOro atana u obHapyXuUTenb KOHTPOSIBHOMO 3Tana OPraHUYyecKkn BXOAAT B 3Ty CXeMy.
Bug atux obHapyxuTenemn n nx CTpykTypa onpeaensiorcsi, C OOHON CTOPOHbI, pacCMaTpMBaeMbIM KaHarom
nepegayn uHopmMaLlmm, a ¢ gpyro CTOPOHbI, TpeboBaHNSMU K 3PGEKTMBHOCTN BCEX CTpaTeErMin noucka.
KnaccudumumpoBatb Bce 0BHapYyXMTENM MOXHO Kak Nnoka3aHo Ha puc.3.

MpakTnyeckn BO Bcex paboTax, MOCBSLUEHHbIX MOUCKY (3axBaTy) B CUCTEMaxX C pacLUMPEHHbIM
crnektpom [4, 5, 14-16], cuuTanocb, YTO Mnocre npeaBapuTenbHOro atana obHapyXeHusi (OAHOro unu
HECKONbKNX) CYLLLECTBYET KOHTPOSbHbIN 3Tan (cMm. puc. 1), Ha koTopoM 6e3owmnboyHO noaTBep)KaaeTcs
npuHsAToe pellexve. [anee Takon aTan OyaemM HasbiBaTb UdeasibHbIM KOHTPONbHLIM 3Tanom. B peanbHbix
pagMoTEXHUYECKMX cUCTEMax OBHapyXeHue Bcerga OCYLLECTBMASETCA C KOHEYHbIMU, OTIIMYHBIMU OT HynNsi
BEPOSATHOCTAMM OLIMOOK, TO €eCTb (DaKTU4EeCKM CUCTEM C uaearnbHblM KOHTPOMbHbIM 3TarnoM He
cywectByeT. bygem HasbiBaTb KOHTPOMbHBIA 3Tamn, Ha KOTOPOM CyLECTBYHOT HEHyrneBble BEPOSTHOCTU
OLLUMBOK, peasibHbIM KOHTPOMbHbLIM 3TarnoM.

B paHHom paboTte paccmoTpeHa 0600LWeHHas cuctema noucka (puc. 1) kak ¢ peanbHbIM, Tak U C
naeanbHbIM KOHTPOSIbHBIM 3TarnoM, B KOTOPOM MOTYT MCMONb30BaTbCA Mobble anroputMbl 0OHapyXeHus,
yKasaHHble Ha puc. 3.

1. AHanu3 nokasartenen 3¢pr¢peKTUBHOCTU LUMKIIMYECKUX Mpoueayp MOoucKa C pearnbHbIM
KOHTPOJIbHbLIM 3Tanom.

CrpykTypa
obHapyxuTeneit
r
]
' i ] i

Soye |

‘ KorepenThble Baiiecosckue| |Heitmana-ITupcona

‘ HexorepenTtusie

1 A

C BBICOKOII CKOPOCTBIO
NPHHSATHS PEUICHHS
AKTHBHBIE
COTJIacOBAHHBIH DHIIBT]

C HI3KOIi CKOPOCTHIO
PUHATHS pelcHH
(axTHBHEIC)

C hHUKCHPOBAHHBIM C niepeMeHHBIM BPeMEHEM
BPEMEHEM 3aJIEPIKKH 3a/IePKKH cpabaThIBAHMsA
cpabaTbIBaHHs (nociezoBatebHOE

obHapyKeHie)
C MHOTOKpaTHO# C oanoit
3a/1ePIKKON 3a/1ePKKON

Kourporbuast niposepka| | KoHTporbHas nposepka Koppensuus kosioB B Koppensims ko108 B
C HEME/UICHHBIM 6e3 HeMeLIeHHOrO TOJHOM NepHoje YACTHUHOM NIEpHOJIE
OTKIIOHEHHEM OTKJIOHEHHS

Puc. 2. Puc. 3.
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(LR)Wi(9)

(2-0)Weo(s)

BWad(s)

(1-B)Wa(s)

(1-0)Weo(s)

P« Gg/l-ﬂ)Wm(S)/‘z\(l-ﬂ)Wm(S) (1-ﬂ)Wm(S)® BWio(s) (1-a)Weo(s) @(1-0)%(5)

AWoy(s) AWor(S)

BWio(s) (1-B) Was(9)

1-0)Wo(s) ml-ﬂ)WMS) (L-a)Wee(s) fh(l-ﬂ)WMS) (1-a)Wor(s) @(1-0)%(5)

Puc.4.

3a nokasatenu HagexHocTu npu runotese H; - o Hanuuum curHana S(t; ) B aHanvavMpyemom
npoctpaHcTee (1@ ™ - NpuHATHI BEPOSTHOCTU Pog NPaBUILHOMO U P OLIMGOYHOTO OKOHYAHWUSI MOWCKA;
npu rMnotese Ho - 06 oTcyTcTBUM curHana B Q™ - BeposiTHOCTY NOXKHBLIX TpeBor Pyr. MouckoBble yeumnms
OTOXOECTBNSIOTCA CO CPEOHWUM ¢, W AWCTEpCUeN D, BPEMEHU OKOHYaHWs MOUCKa, a TakKe CO CPEaHUMM

YCIOBHbIMW BpeMeHaMu nouncka t'mos =E{t, |OBb}, t'mE =E{t; |E} npu ycnosuu npasnnbHOro n owmbo4Horo
OGHapY>XeHWsi COOTBETCTBEHHO, W YCMNOBHbIMU Aucnepcusmu Dy, =Dit, |OB}, Dy, =D{t; |E} BpemeHu

noucka npu npasunsHom “OB” 1 owmbo4yHoMm “E” oBHapyXeHuu.

HanpaeneHHbln rpad, onucbiBaloWMn  YHKLMOHMPOBAHNWE CUCTEMbI MOUCKaA C  peasibHbIM
KOHTpPOIbHEIM 3Tarnom (puc. 1), nsobpaxeH Ha puc. 4.

MpumeHsas Teopemy Ma3soHa [17] u npaBuna npeobpa3oBaHMs OPUEHTUPOBAHHBIX (HanpaBreHHbIX)
rpacdoB [4], nonyyeHbl, nepefaTouHble YHKUMM H(s) un @(s) rpadpa, puc.4, npu nepexone B
nornowarwme coctosHusa H n @ .

Mcnonb3ysas  cBoicTBa npeobpa3oBanusa Jlannmaca v Teoputo MNpou3BOAsWMX GyHKUmMA [18],
HernocpeacTBeHHO Yepe3 H(s) M P(s) NonydYeHbl aHANUTUYECKNE BbIPAXKEHWUSI ONA OMUCaHHbIX BbILE

YNCNOBbIX N BEPOATHOCTHbIX XapakKTEPUCTUK CUCTEMbI MOUCKA:

1-pB & k-1
Po=H(s)  =——F S p(1- : 1
os = H (5,2 TP (1)
F :1_P05 =CD(S)|S:0; (2)
FooTo (U=BTo=0T &, k. 3
a a(l—B(l—a)’”'])kZl ez ®
-l 1\ m
N - PR 110 PP
H-B-a) 1-B(1-a) H= @
_om k-t
+T00kZ](k DR (-a)" "1/ Fog s
t_n\E:[t_n _fn\ospos]/P; )
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_2T[(1 =0T ~0To1], Eo(1?) _2Tpol(1-B)To ~ 0T, &

kzp  (1—a)* Lk -1) -

! 02 a G[I—B(l—d)m 1
_lj() —f B(l—u)m_l[Tlo +(m—1)T00]+(1—[3)E0(T )—(]El('[ )+
B -B-o)" (1-B)T, -0,
2T (1-B)(T; —Topd O, - O
T =BT, - o, E (6)
2 =2 2 H -
Dn\ogz E[tn\os]_tn\og :d_2 P(S) ~ )05 » (7)
0B [5=0
2
D -E[’H\E] e =d—¢(s) I - 8)
s s=0

2. AHanu3 nokasartenen 3¢¢peKTUBHOCTU LIMKIIMYECKUX npouenyp Noucka ¢ uaeanbHbIM
KOHTPOJIbHbLIM 3Tanom.

HanpaeneHHbIn rpad, onucbiBalOWUN (PYHKUMOHMPOBAHME CUCTEMbI MOUCKA C  uaeasibHbIM
KOHTPOJSbHLIM 3Tanom (puc. 1), nsobpaxeH Ha puc. 5. 3amMeTMm, 4YTO MOMUCK B OAHHOM Cryvyae MOXeT
3aKOHYUTBCA TOMbKO NPaBUMbHBIM OBHapyXeHuem. f,; - CrydJamHoe Bpems OKOHYaHus noucka, D, -

ancnepcua BpeMeHn OKoOH4YaHuA noucka.

Vir(9)

Vor ()

(1-B)Un(s) (1-0)Uo(9)

BUo(9) (1G)Uoo(S) (1U)Uoo(5) (1ﬂ)Uoo(S) - (@@Vafs)

aum(vm (9 UUm(vm (9 aUoy(s) Vor (9)

Vir(8)

©)

Vor(s)

@BUu (LoUnd

B (1'U)Uoo(5(k> BU1(s) o (1'U)Uoo(5)(1'ﬂ)uoo(5)

Puc.5.

Ucnonb3ya cBoncTBa npeobpasoBaHusa Jlannaca v Teopuo Npou3BOAsWMX yHKumA [18],
HeMocpeaCTBEHHO 4Yepe3 Npou3Boaswylo (yHKUMIO H(s) MONyYyeHbl cpedHee i, W paucnepcus D

BpeMeHN OKOH4YaHuA Nnoucka:

o T1+(11 E)thJr(TOmTOR)%'; sz(k 1)D, 9)
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_Di(M+A=B)Dir (1)

Dy = +{Dy (1) + a[Dy (1) + (1 = )T (Tog +2(To1 —Too N} X
m U m O
x P LS k1P B (g +0Top) 05 (k=12 P, ﬁz(k—l)&gm
R == 0 =) =) H
- _BB)Z [im =10 +aTor) + Tio 2 =BTy ~T10) ™ (10)

[na 3agaun paguonokaumm, paguopa3ssegkun [19] ovyeHb BaXKHbIMU XapaKTepUCTUKaMn ABASOTCA
OYHKUMS NNOTHOCTU BPEMEHW OKOHYaHUS MOUCKa W WHTerpanbHas yHKUMA pacnpefeneHns BpeMeHu
noucka. [ns noucka C vaeanbHbIM KOHTPOSbHbIM 3TanoMm B paboTe npvBedeH oOwwi BuA MIOTHOCTU
pacripefenenus g(t;) v PyHKUMM pacnpegeneHus BpeMeHn rnoucka G(f;), KOTOPYIO MOXHO MOMyYuTb,

ucnone3ys obpatHoe npeobpasosaHue Jlannaca [18].

@ mol imH ol A
Gu)=Y 3 Y PCluayuBU-Ra " -0 x
i=0 [=0 h=0

A EXDL=S QT + (T +Ty)im =) + L+ DI
O s O

x L a1

[MonyyeHHble BbIpaXXEHWS UCMONb30BaNUCb B YUCMNEHHbLIX pacyeTax And pasnuuHbIX Mopernen
KaHanoB, CUrHanoB 1 NOMEX NPUMEHUTENbHO K CUCTEMaM paguonokaumm, paanocBasn 1 paguoHasurauum
[1 - 3]. B kauecTBe npumepa npuBeaeHbl rpadduky 3aBUCUMOCTU OMUCaHHbLIX Bbille NokasaTenen kavyectsa
npoueayp noucka C peanbHbiM W MAeanbHbIM KOHTPOMbHbIM 3TarnoM OT OTHOLUEHWS CcurHan/wym

q2 =3,/Ny - OTHOLIEHWS SHEpruM curHana I, K CMeKTpanbHOW MIOTHOCTM nomexu N, . PaccmoTpeH
Crydam KorepeHTHOro obHapyxeHus.

O riios
10
10°
104 j
10°
10° T T

0, =10 R =1
a,=10" 107 106 o I B=a; m=10". n

0 g

! mios
a,=10";R = 1;

Bk:ak; m :102. _ |

a =10 -3
L 10 EIPE

104 o

Puc. 6.
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GENERAL METHOD FOR EFFICIENCY ANALYZING CYCLIC SIGNAL SEARCH PROCEDURES ON
THE BASIS OF SEMI-MARCOV PROCESSES AND FLOW GRAPHS

Zinchuk V., Kapaeva T., Limarev A., Sviridova E.

Federal Centre State Enterprise «Voronezh Scientific Research Institute of Communication».
Plekhanovskaya Str. 14, Voronezh, Russia, 394018, Phone: (0732) 52 58 22.

The problem of efficiency measures analysis of cyclic desired signal s(z;0) search and detection
procedures in the background of interference within the limited region Q of a priori unknown parameters
0=(0,,..8,)0Q0OR", ¢t=0, as applied to radar, communication and radionavigation systems is
considered. The search space Q, a priori region of signal parameters uncertainty, as is known [4], has

R m
been divided into finite number m =1 of rectangular cells [J;, j=1Lm, Q= UQJ- , QjﬂQk =0 for jzk, |,

Jj=l
kO{1, ..., m} which form discrete search spaces Q"™ ={Qj};’,’:]. The cells Q, 0Q"™ are looked over
(analyzed) in turn. A limited time interval T, >0
l Correct-acquisition ) . .
d i verification is provided for every cell analysis. In each survey
t Verification . .
= oot do stage detector | dog step Q,0Q" a cell analysis is performed
according to a regular Grenander detection
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algorithm [7]. False alarm with probability a is
Proceed to v ¥ . . . .
oo survey the possible during analyzing m-1 cells without
generator nextcell | Delay change seacnsraegy | signal. In analyzing the signal-contained cell
control creuit signal missing occurs with probability B and
Fineddlay signal detection - with probability 1-3 [8], [9].
estimation T . . .
Delay tracking Analysis time [1> 0 spent in one survey
e step Q) depends on detection algorithm, and
t T e e rananaL o in general case it is random [J0[To, Tal, 7, is the
Fig.1. minimum analysis time in one search step. The

acquisition process terminates when during
analyzing the k-th cell, k(){1, ..., m}, the decision on signal s(z,0) presence is made, i.e, 60Q, , k 0O{1, ...,
m}. If a signal was not detected during one survey cycle Q™ the search is resumed in the second cycle
and so on [8]-[13].
The detector shown in Fig.1 realized serial cells survey via retuning the correlator/detector to which
the reference signal shifted by 1, is applied; this situation corresponds to k-th observable cell.

Practically in all works dedicated to searching (code acquisition) in spread-spectrum system [4], [5],
[14]-[16] it was considered that after preliminary detection stage goes verification stage (Fig.1.) where the
adopted decision is correctly verified. Further this stage will be referred to as ideal verification stage.
Detection in practical radio engineering systems is always performed with finite nonzero error probabilities,
i.e. actually there is no system with ideal verification stage. We shall call the stage, where nonzero error
probabilities are absent, a real verification stage.

In this paper the generalized search system (Fig.1.) both with real and ideal verification stages and
with various detection algorithms employment is considered.

1. Efficiency Measures Analysis for Cyclic Signal Search Procedures with Real Verification Stage.

Probabilities of correct P; and erroneous P, search stopping are taken as reliability measures
under hypotheses H; about signal s(z;6) presence in observable space MN[@ ™: under hypothesis H
about signal absence in Q™ false alarm probability P., is a reliabilty measure. The search is
characterized by mean ¢, and variance D, of search stopping time as well as by mean conditional search
times ;4 =E{ty|d}, 75 =E{t; |E} for correct and erroneous detections, respectively, and conditional
variances Dg|q =D{ts |d}, D =Dt |E} of search time under correct “d” and erroneous “E” detection
conditions.
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The flow graph describing operations of search system with real verification stage was constructed.
Graph transfer functions H(s) and ®(s) under transition to absorbing states # and @ were obtained

using Mason theorem [17] and flow (oriented) graphs transformation rules [4]. Using Laplace transformation
properties and generating function theory [18] we have obtained, through H(s) and ®(s), analytical

expressions for above-mentioned numerical and probabilistic search system characteristics.

2. Efficiency Measures Analysis for Cyclic Signal Search Procedures with Ideal Verification Stage.

In this case the search may be stopped only with correct detection. ¢, is a random search stopping
time, D, is a search stopping time variance.

The flow graph describing operation of search system with ideal verification stage is constructed.
Using Laplace transformation properties and generating function theory [18] we have obtained, by means
of generating function H(s), mean 7, and variance D, of search stopping time. Probability density function
of search stopping time and search time cumulative distribution function are the most important
characteristics for radionavigation and radio reconnaissance problems [19]. For the case of searching with
ideal verification stage we gave general form of probability density g(ts) and search time distribution
function G(ts) which may be obtained by inverse Laplace transformation [18].

The obtained expressions have been used in numerical calculations for various models of channels,
signals and interference as applied to radar, radio communication and radionavigation systems [1]-[3]. As an
example we present diagrams of above-mentioned efficiency measures of search procedures with real and

ideal verification stages versus signal-to-noise ratio q2 = E /N, (ratio of signal energy E, to noise spectral
density N ). The case of coherent detection is considered.
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