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PaboTa coBpeMeHHbIX CUCTEM CBSI3U C MHOXECTBEHHbIM AOCTYNOM NpU Nomcke curHana aboHeHTa
npuBOOUT K 3ajavye MHOoroanbTePHATMBHOrO OOHApyXXeHWs- pasnuMyeHuUsl CUrHaroB C HEW3BECTHbIMU
napameTpamu ( Bpemsi npuxoga, CABUr 4acToT M Apyrue). B aTon 3agadye nonaraeTtcs, 4TO Ha BXode
NpUeMHON cucTeMbl NGO NpucyTcTByeT oaMH 13 M nonesHbix curHanoB, NMGO TakUX CUrHanoB HeT. FACHO,
4YTO MPUEMHOE YCTPOWCTBO [AOMKHO MPOU3BOAWUTbL COBMECTHO CredyllivMe npoueaypbl: ObHapyxeHune
CWrHamnoB, pasNMyeHWe CUrHaroB M OueHka WX MHAOPMAaUUOHHbIX MapameTpoB. B gaHHow pabote Ha
OCHOBe nogxona, passutoro B [1], npegnoxeHbl MeTodbl pacyeta 3PdEKTUBHOCTU CUCTEM C KOOOBbLIM
pasgeneHvemMm abOHEHTOB Ha CryyYal COBMECTHOrO OOHapyXeHUs- pasnuyeHust 3ammparoLLMX CUrHarnoB C
HEeM3BECTHbIM BpPEMEHEM MpPMXO4a Ha BbIXOAE MHOrOMyyeBblX KaHanoB. [lpuuyem nomaraeTcs, 4TOo B
obnacTn BO3MOXHbIX 3afepXeK CUIHamoB COAEepXUTCA OOMblIoe YUCIIO JNIEMEHTOB paspellueHuss Mo
BPEMEHHOMY MONOXEeHU0. 3T MeToabl 6asvpyloTca Ha Teopun BbIBPOCOB CRyvarHbIX MNPOLLECCOB,
KOTOpble NpUBOAAT K 6onee NpocTbiM U 6onee TOYHbIM pesynbTaTtaM, Yem Opyrne MeTOAUKU.

Anroputm o6paboTku

MycTb Ha nHTepBane BpemeHu [0,Ty] HabnogaeTcs npouecc
X(t) = E n(t)
o5k (t=Tok) +Nn(t), k=1.M
roe  n(t)- 6Genbii  raycCoBCKMA LUYM CO  CMEKTpaslbHOM MNMOTHOCTBIO  MOLWHOCTU  No/2,
Tok U[T1, To]- HemssectHoe Bpementoe monoxenme k-ro curiana. B obliem crnydae curdan nocne
NPOXOXAEHNS MHOTONy4EBOIO KaHana CBsA3n MOXeT ObITb 3anucaH B BUae

S(t-1) = iAn(l(t_T_6n)cos(wt+¢n)+Q(t_T_6n)Sin(wt+¢n))- 2)
n=0

: 1)

B panbHenwem, korga OyoeTt matn pedb 06 obBLIMX CBOWCTBaX MOMNE3HbIX CUrHamnoB, MHAeKC k
Oymet onyckatbea. B (2) I(t) n Q(t) —nceBmocnyyamHble paclUMpsiiOLLME MOCNeAoBaTENbHOCTH,
MOZynupyloLLMe KBaapaTypbl curHana, 0,=T,-T OTHOCUTENbHasa 3agepKka curHamna no fny4vyy ¢ HOMepoMm n,
napamMeTp V UMMeeT CMbICN 4ucna [OMOSNHUTENbHbLIX nyder pacnpocTpaHeHus. O6o3Haunmm  A-
ONMTENBHOCTb  3NIEMEHTApPHOM MOCbIfkA.  MccnedoBaHWs nokasanu, 4YTo B CUCTEMax C KOOOBbIM

pasaeneHnem aboHeHTOB oOTAENbHbIE nyqyn  TMNPUHATOro CUrHana pasgendarTcd (6n >A), a B

yCpeaHeHHON Moaenu n3 v=6 JOMNOMHUTENbHBLIX JTyYell COM3MEPMbI C OCHOBHbIM 2-3 ny4ya ( ypOBEHb He
mMeHee 50 %) [2]. Kak nokasbiBaloT pacdeTbl npu ypoBHe BK®, meHbwem 0.3, B3aMMHOW NOmMexomn npwu

npveme curHanos MoxHo npeHepeds. To ecte {l)(1),Qr(t} k=1.M obpasyior cucremy

OpPTOroHamnbHbIX curHanoB. [lpy  yBeNMYEeHWM OTHOLWIEHWSI CuUrHan/lym ronyyYaeTcs criegytollee
aCYMMTOTUYECKM ONTMMAasbHOE NPaBUIIO MPUHSATUS peLleHus]

max L, (r,)>h

max L, (r,)>maxL,(T,,) . )
e L0=3 (Xi@+Y o) 20; @
X (1)=(2/ NO)Ix(t)[I (t-1-3,)cos(ct) +Q(t — T — &) sin(cet)]ct

Yo (1) =(2/ NO)Ix(t)[I (t—1-3,)sin(wt) — Q(t — T - 3,,) cos(wat)]dt

a2 =N [(1°()+Q* ®)et

M3 (3) crnepyeT, 4TO HEOOXOAMMO HAWTU BENUYMHBI AOCOMIOTHLIX MAaKCUMMYMOB (PYHKLIMOHANOB
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obomx HepaseHcTB B (3). Ecrnvmax Lk(Tk) <h, 1o BbiHOCMTCS pelleHne 06 OTCYTCTBMM Kakoro nnéo

MOME3HOro cCurHana Ha Bxode npuemMHonm cuctemsl. Mopor h. BbiBupaeTcs ncxogs m3 3agaHHOro Kputepust
ONTUMarnbHOCTU. [pUeMHMK 6e3 CroXeHNs nyyen nonyyaeTcs us BbipaxeHns (4) npu n=v=0,

XapaKTepVICTMKVI COBMeCTHOro 06|-|apy)|(e|-|m| - pa3nnyeHunsa

WNTaKk, npu cCOBMECTHOM OGHapYXEHUM - pasnuyeHnn aHanuampyrotca M+1 runoTtesa O, 0 NonesHbIx
curHanax wu BbiHocutcAa M+1 peweHne Y, , km=0.M. COBOKYNHOCTb YCMOBHbIX BEPOSATHOCTEW

Pim = P(Ym |©k) moxHo npeactasutb B Buae matpuusl P. B 3Toit MaTpuue CTpoka COOTBETCTBYET
rmnotese O, , ctonGey, peLueHmo Yin- Oquw:l,Ho, YTO CymMMa BEpOSITHOCTEN B CTPOKE YOOBMeTBOpseT

YCIOBUIO HOPMUPOBKM Ply,10,)= Z =1. B matpuue anemeHT Py, - €CTb BEpOATHOCTb
m=
M
npaBunbHOro pelueHnst o6 otcytcteum curHanos, 1— P, = ZPOm = ( -BEPOATHOCTb NOXHON TPeBoru,
m=

M
P(yo|®)=Pxo k=1..M - ycrioBHas BeposiTHOCTb nponycka k curHana. Torga B = Z P P(Y, |©,) - nonxas

(pre,D,HeHHaH) BEPOATHOCTb MpOMyCka CUrHanos B CUCTEME CBA3WN. CoOTBETCTBEHHO D:]._B-

BEPOSITHOCTbL MNPaBUNBbHOrO OOHapyxeHust curHanoB. OcCTaBLUMECS 3NEMEHTbI ONPEAEnsioT YCIOBHbIE
BEPOSITHOCTM MPaBUIIbHbIX U HEMPABUITbHBLIX PELUEHWUA NpU pasnuyeHun M curHanoB. Ha nx ocHoBe MOXHO
BbIYNCITUTD cpequoro BEPOSATHOCTb 0LIJVI6KVI pasnuyeHns cuctembl curHanos {Sy(t)}

P, =1- Zpk Vk|@ Zpk Kk (5)

B panbHenwmx pacyeTax Ans ynpoleHust hopmMyn 6yaem nonaraTb, YTO anpyopHbIe BEPOSITHOCTU
Px BCEX CUTHaNoB oAMHaKoBbl: P=1/M. Ha ocHoBe Teopumn BbIGPOCOB MPOLECCOB, UMEIOLLMX LiEHTParbHOe

2
W HeueHTpanbHoe X “-pacnpefeneHue, paccyMTaHbl OCHOBHbIE XapakTEpUCTUKM paboTbl CUCTEMBI.
BeposATHOCTb NOXHOW TPEBOrN O paBHa

a=1-FM(h)=1-exp(- MWME&M%ﬂE (6)
N v!\/E

I'IpM npeanonoXeHnm o CMUMMEeTPUYHOM XapakTepe CUCTEMbI CBA3U NOJTHadA BEPOATHOCTb MpPOnycKa
CUrHanos coBnagaet C yCJ'IOBHOIZ BEPOATHOCTbIO Nponycka CurHana

1 10
B=Po = 1 i (DR, + - WQ[, F (u)dF, (). )
BepOHTHOCTb I'IpaBMJ'IbHorO pa3n|/|‘-|eHl4;| CcCUrHana
P = - (L= oW )+ 13- gF (U)dFo (u). ®

Ortctoaa cpenHAA BEPOATHOCTb OLIJM6KM pas3nnyeHna BbipaXxXaeTcAa Kak

1 ® 1
Pe=1- Pkk = Q_— V%_,{FNM (u)dFS(U)E" M Fs(h)FNM (h) = 9)
B 3TKx cooTHOLWEHMAX
E v+.5
Fy(u) = %Xp( N 1T SpCwpuzy 05 (10)
H 0,u<v+05

u

F.(u)= [z}

0

/

exp(—t — 22/ 2)1, (z/2t)clt

<

2 _ o2 2
—qOZA1 -CyMMapHoe oTHoweHune curHan/wym, |y, (U)-cbyHkumst  Beccenst  MHUMOrO

aprymeHTa nopsiaka v, & - npuBedeHHas AnMWHA anpuopHoro uHTepsana [T1,T,], MMmetowas cMbICI Yucna

-2-
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3nemMeHToB paspelweHnss PM curHana Ha sToM uHTepBane. HetpygHo ybeanTtbes, yto npyu M=1 cdopmynbl
(6) (7) nepexogar B 00OblYHbIE COOTHOLLEHMS ans XapaKkTepUCTUK obHapyxeHus
KBa3MaeTEPMMHUPOBAHHOIO CUrHama Ha BbIXOZde KaHana ¢ 3amupaHuamu, a Py nepexogut B BEPOATHOCTb
npaBunbHoro obHapyxeHus curHana D. Mpu h - —co 3Tan o6HapyxeHus ncyesaet, - 0 , a BolpaxeHue
ans Pe coBnagaeT ¢ BEPOSATHOCTbIO pa3nuyeHns M opToroHanbHbIX KBa3vaeTePMUHUPOBAHHbBIX CUrHAroB.
Mpn z - BeposaTHocTM - 0 n Pe-0. Ha ocHoBe nonyyeHHbIX hopMyn ObinNn BbINOMHEHbI
pacyeTbl MOJSIHOW BEPOSITHOCTM OWMOKM NPW PasnUYHbIX 3HAYeHWsIX yucra curHanos M, uucna nyden
pacnpocTpaHeHUs v, X OTHOCUTENbHOrO YPOBHSA aMnnuTyad €,=A,/Aq 1 BENUYMHAX anpuOpPHOro uHTepeana

&. Ha puc. 1. npuBeaeHbl pacyeThl B(Z) ANa pasnuyHoro 4yucna curdanos M. BenuumHa anpuopHoro
uHTepBana §=64. BepoaTHOCTb noxHou TpeBorn a=0.1. Ha puc. 2 npuBeadeHbl 3aBUCUMOCTU CpeaHewn
BEPOATHOCTN OLIMOKM pasnnyeHus Pe(Z) npu pasHbix 3HaveHuax M. 3aechb ke nyHKTMPOM npuBeaeHa

3aBUCUMOCTb BEPOSITHOCTM OLWMOKM pasnuueHus (M=2) curHanoB gns crnyyasi, korga He rnpumeHsieTcs
npoueaypa o6HapyXeHusl.
M3 npoBedeHHbIX pacyeToB crieQyeT, YTO C YBENIMYEHMEM YMCRA pasnMyaembiX CUrHanoB

BEPOSATHOCTb OLUMOKN NPUHATUSA peLleHus Pe(Z) yBenuumeaetcs. [Npn M>60 HabniogaeTcs onpegeneHHoe
«HacbILLEeHne» XxapaKTepucTuK, TO ecTb AanbHeree ygenuyeHne M yxxe cnabo ckasbiBaeTCa Ha BEMUUYUHY
BEPOSITHOCTU Pe(z)- Hanunume npouenypbl 0GHapPYXeHNs NPUBOAUT K YBENUYEHNIO BEPOSATHOCTU OLLNOKM

pa3nnyeHna curHanoB B HECKOJNIbKO pa3, no CpaBHEHUK CO cny4aemM npocCTo pasfiv4eHunAa CUrHanos.
MHOFOJ'Iy‘-IeBOIZ Xapaktep curHana wun ontumanbHOE€ ClloXeHune nyqe|7| npmeBoanT K NOABNEHUKD AOBYX
NPOTUBOMNOJIOXKHbIX TeHaeHuun. C ogHon CTOPOHbI Hann4vune 3aMMpaHI/1171 B OTAEJIbHbIX nydax npuBoaUT K
yBenu4yeHuno nopora O6Hapy)KeHM$| npn yeBeJriMvd4eHnn ux 4Yucna. C ﬂperﬁ CTOPOHbI yBENnn4ynBaeTCH
OTHOLWUEeHNne CI/IFHaJ'l/LLIyM. nOCKOJ'Ibe 9TOT cbaKTop oKasblBaeT 6onee curbHOE BANAHMNE Ha XapaKTepUCTUKn

NnpueMHMKa, BEPOATHOCTU B(Z) n Pe(Z) YMEHbLIAaKTCA C YyBeNnn4veHnemMm 4ucna nyqeﬁ V N unx
OTHOCUTESbHbIX aMMnUTyAa.

b =

01 e

Pe(z) 1=

01

0o

0o

Pwuc. 1 Pwuc. 2
C yBenuuyeHnem anpuvopHOro MHTepBana BPEMEHHbIX 3a[epXKeK CUrHanoB & BEPOSITHOCTb OLLMGKM

pasnnyeHnsa Pe(Z) 3Ha4YnTeNnbHO BO3pacTaerT. Takum 06pa30M, npoBegeHHble pacyeTbl MOryT NO3BOJIUTb

6onee 060CHOBAHHO AenaTh BbIBOAbLI O NPEeUMYLLECTBaxX M HeJocTaTkax KoooBOro pasaeneHnst curHarnos B
cucTemMax CBA3N.
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JOINT DETECTION — DISTINCTION OF SIGNLAS IN MULTIPATH FADING CHANNELS
Radchenko Yu., Radchenko T., Smorgonsky A.
Voronezh State University

The operation of modern CDMA systems while searching a signal of the subscriber results in the
problem concerning the multiple-choice detection — distinction of signals with unknown parameters (time of
arrival, frequency shift and etc). In the present work we propose methods of system efficiency calculation
with the code division of subscribers in case of joint detection — distinction of fading signals with unknown
time of arrival at the output of multipath channels. These methods are based on the theory of runs of
random processes. It is supposed that the range of possible signal delays has a large number of resolution
elements by the time position.

Let in time interval [0,Ty] we observe X(t) =S, (t —Tgk) +N(t), k=1..M process or only x(t)=n(t)

— white gaussian noise with the spectrum density of No/2 power. Tgy D[Tl,TZ] - unknown time position

of k-th signal. In the general case the signal having passed the multipath communication channel can be
written in the following way:

S(t-T)=VZA1(I(t-T —5,)cos(@t + ¢,) + Q(t T - 5,) Sin(et + ).

In (2) I(t) and Q(t) — pseudorandom expending sequences, which modulate quadratures of the
signal, 6,=T1,-T relative signal delay by the path of n number. While increasing the signal-noise ratio we have
the following asymptotically optimal rule of decision making.

max L, (r,)>h, max L, (7,) >maxL, (7). 1)

where L(r) =Y (X2(r) +Y2(@))/ 2q2 @)

n=

X (1) =(2/ NO)Ix(t)[I (t-1-3,)cos(at) +Q(t — T — &, ) sin(ct)]ct
Y (1) =(2/ NO)J'x(t)[I (t—71-3,)sin(et) - Q(t — T - &, ) cos(at)]dlt
a2 = NG [(12(0) + Q2 (t) )t

The decision about the presence of k signal is made when both inequations in (1) are true

simultaneously. If max Lk(Tk) < h, then we make a decision about the absence of any desired signal in

the course of receiving system. Threshold h. is chosen based on the given optimal criterion.
While joint detection — distinction M+1 ©y hypothesis about the desired signals are analyzed and

M+1 v, decision is made, k,m=0..M. The assembly of conditional probabilities P, =P(y,|©,) is

M
determined by the following performance of the receiver: 1— Py, = z P,,, = O -probability of false alarms,
=1

M
,B=Z P P(Vo [©,)- full probability of signal missing in the communication system, the average
=1

M
probability of the distinction error of the system of signals. {sy(t)} P, =1- Z P, F’(yk | G)k). On the basis
=1

of the theory of runs of processes having the central and non-central )(2— distributions, we can calculate

the main operation performance of the systems: a=1-F} (h),

_ 1y A
p= - F (h)&(h)+§t MQLFN WdF, W), @)

the average probability of the distinction error
1 p 1
Pe=1-PB, = Q_— M%—{FNM (u)dFS(u)E-» vl F.(h)FY (h). 4)

In these connections
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E v+.5
FN(u):éLXp( VI\/—eXp( U))U>V+05 F ( ) J-B_H eXp(—t—— (Z\/_)dt

0 ,u<v+05

v
2= qg Z Af -combined SNR, |, (u) -Bessel function of imaginary argument of v order, & - given

length of a priori interval [T,T,] having the sense of the number of elements of the phase-modulated signal
resolution on this interval. It is easy to see that at M=1, formulas (3) transfer to common relations for
detection performance of quasideterminated signal at the output of fading channel. At h - — the detection
step disappears, B~ 0, and the expression for Pe coincides with the probability of distinction of M
orthogonal quasideterminated signals. At z — o probability 3— 0 and Pe-0. On basis of the obtained
formulas we calculate the full probability of the error at different values of the number of M signals, number
of v propagation paths and their relative level of amplitudes €,=A./A, and values of a priory interval &.

From the performed calculations follows that if the number of distinctive signals increases the

probability of decision making error Pe(Z) will be increased. At M>60 we observe certain «saturation» of

performance i.e. further increase of M does not strongly affect the probability value Pe(Z) . The presence of
detection procedure results in the increase of probability of signal distinction error by several times as
compared to the case of barely signal distinction. Probabilities B(Z) and Pe(Z) are reduced when v
number of paths and their relative amplitudes are increased.

When a priory interval of & signal time delays is increased the probability of distinction error Pe(z)

is substantially increases. Hence the performed calculations enable us to make more reasonable
conclusions about the advantages and drawbacks of the code division of signals in communication
systems.




