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CuHTE3npoBaH LMGPOBON KOMMIEKCHBIN KOpPPensunoHHbid obHapyxutens (LIKKO) 6no4yHbix
®M nepepay BY gmanasoHa. lNpeacraBneHbl XapakTepPUCTUKM KOPPEMALMOHHOTO OBHapyXutens.
OnpepeneH ananasoH pabounx yactoT (OPY) LIKKO npu pasnuuHbix OCLU, cTeneHb HeraTMBHOrO
BNUSIHUS HETOYHOCTU YCTaHOBKM hasbl TAKTOBOW YaCTOTbl HA XapaKTepucTukn obHapyxeHusa n JPY.

B nocnepgHve roabl B BY gvanasoHe LimMpokoe pacnpoCcTpaHeHwe MOonyyvnu BbICOKOCKOPOCTHbIE
6roYHbIE CUrHanbI, UcnonbayoLme dasoByo MaHunynaumo (SPM).

Pewass npobnemy kayecTBeHHOro npvema (gemogynsuun) TakuMx CWUrHamoB, B YCIOBUSAX
BO3OEWCTBUS HA HUX pasnuMyHbIX HebnaronpuaATHbIX (PaKTOPOB, CBSA3@HHbIX C OCOGEHHOCTAMMU
pacnpocTpaHeHus paguoBonH B BY pguanasoHe, Bo3HMKaeT HeobxoAMMOCTb B pelleHun psga
cneunduyecknx sagauv:

- O6HapyxeHne Havana curHana. [Ons CHWXeHWst HeraTMBHOTO BO3AEWCTBUS HECTauMOHapHOCTU
XapaKTepuCTUK paguokaHana CBS3u, MHgopmauus nepegaeTtcs B GnovyHOM pexume. OnvTenbHOCTb
nepegaBsaemoro 6roka Hepeako MOXEeT COCTaBMsATb OONU CEKyHAbl, YTO AenaeT akTyanbHOW 3agady
CBOEBPEMEHHOIO W HagexHoro obHapykeHus Hadvana 6noka. PelleHwe 3Ton 3agaun cospaet
ycnosus Ans GbICTPon HacTporkn aemoaynatopa. HeadpdektneHaa paboTta obHapyxuTens curHana
UNKU ero OTCYTCTBUE BEAET K CHWXKEHUIO KayecTBa AemMoaynsauum 1 K notepsMm 6rnokos;

- OnpepneneHne Hecywen 4vactoTtbl curHana. lMpu gemopgynsauum ®M curHanos, nepegaBaemMblX MO
TeneoHHbiM NGO CMYTHMKOBBLIM KaHanam CBSA3W, Hecyllash 4YactoTa CUrHanoB M3BECTHa, Kak
npasuno, goctatovyHo TouvHo (+1Mu). Mpu opraHusaumm pagumocBsaAsu no kaHanam BY amanasoHa,
CMeLleHMe HecCyllen 4acTOTbl MOXET COCTaBnsATb AecATku [u, 4To OBYCroBMEHO MNOrpeLiHOCTbH
OMOPHbIX YACTOT NepearoLero U MPUEMHOro YCTPOWCTB;

- Monck (pa3paboTka) MeTOO4OB adanTUBHOM KOPPEKUUM C  ObICTPOM CXOAMMOCTbI, CMOCOOHbIX
3pheKkTMBHO paboTaTb B YCINOBUSX CUMIbHOM MHOronyyYeBocTu. PaguokaHanbl cBA3v BY guanasoHa
OTHOCATCHA K KaHarmam C namsATbio, KOTopas co3gaeT 3HauuTernbHble MPensTCTBUMSA KayeCTBEHHOW
AeMoaynauum BbICOKOCKOpocTHbIX ®M nepegay.

ObekTBHOE  pelleHne  BblleNepeydnCrneHHblX 3adady  BO3MOXHO MyTeM  MCMOMb30BaHuA
ocobeHHocTen nocTpoeHust 6rnoyHbix ®M nepepay, 3aknoyaroLlLlMecs B TOM, YTO OHM COAepXaT B CBOeW
CTPYKTYpEe OTpe3KM WM3BECTHOW NocneaoBaTeNbHOCTM CMMBOSIOB, @ MMEHHO — CTapTOBYKD HACTPOEYHYHO
nocneposarensHocTb (CHIM).

B paHHoi paboTe paccMOTpeHO pelueHune nepsor 3agauqv nytem cuHTtesa LIKKO ®M curHana c
HEen3BeCTHOW HavanbHOM ba3on U aMnNnTY40M U aHanm3a ero BepPOATHOCTHbIX XapakTepPUCTUK.

Onpegenum curHan Ha Bxoge 00HapyXuTens cnegyroLwmm odpasom:

Y(nT+t0)=AﬁX((n—k)T)h(kT+tO)exp(/'a)c(nT+to)+(po)+n(nT+tO),

k=0
roe x(nT) - KOMMMeKcHas nocrnenoBaTenbHOCTb NepefaBaeMbiX CMMBOMOB (B 4acTHoctu CHIM),
h(nT) pesynbTupylowas KoMnnekcHas umnynbcHas xapaktepuctuka (KMX) cuctemsl nepegaun-npuema

nHcpopmaLmm, BknovatoLwwasa KNX nepeparolero comneTpa, KaHana CBA3W U NpUeMHOro unbTpa, . -

c
CHMY, n(nT) - HE3aBMCMMbIE€ OTCYETHI KOMIMIIEKCHOIO agauTUBHOMO rayccoBckoro wyma (AlLl), cuHdasHas
W KBagpaTypHas KOMMOHEHTbl KOTOporo obnajalwT HyneBblM MaTematudeckum oxugaHvem (MO) wu

. 2 2 2
avcnepcuen GS = GC =G”, T - nepvon cnegosaHns cuMBonos, (0 , - HavanbHas asa, M — namsaTb

KaHana.

Kak M3BECTHO M3 Teopun ONTUMAInbHOW NMHEWHOW bunbTpaummn [1], pelieHre 3agaym obHapyKeHust
MOMHOCTBIO WM3BECTHOIO CuUrHamna, npyv MCMOSb30BaHUN KPUTEPUS MaKCUMyMa OTHOLUEHWUS] CUrHasn/wym
(OCLL), npnBOAMT K CUHTE3Y UNbTPA, COrMacoBaHHOIO C 3afaHHbIM curHanom. B cnyyae, korga HavanbHas
asa NpUHMMaeMoro curHarna HemsBecTHa, OGHapyXeHne npomsBoauTcsa No ornbaroLlen curHana, Ans vyero
cornacoBaHHbIn uneTp (CP) gononHseTcsa aetekropom ornbatowwen (JO).

Takum obpasom, ontumanbHbii LIKKO u3BecTHOM nocrnefnoBaTenbHOCTM CUMMBOMIOB, MpPU YCNOBUU
OTCYTCTBUSA anpuopHou MHopMauumn o HavanbHoOW hase u amnnutyae NpUHMUMaeMoro curHana, CooepXuT
KOMMIIEKCHLIA TpaHCBEpCanbHbI OUNbTP, COrMacoBaHHbIN C 3agaHHOW nocrnegoBatenbHocTbio, 1 [O.
AnpuopHas HeomnpeaeneHHOCTb aMnnuTygbl NPUHMMAEMOro curHana, B 3TOM Cly4vae, Y4UTbiBaeTcsa npu
onpeaeneHny nopora NPUHSATUS pPeLleHus.

©anekTpoHHas Bepcua nogrotosneHa 3A0 ABTIKC CaHkr-lNMetepbypr, http://www.autex.spb.ru
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Koacbduumentsl  TpaHceepcanbHoro cdunbtpa C, =C, + jC, ,m=0..N -1, paccuntbiBatoTca

cneaytowm obpasom:

C,=AX(N-1-m)T)exp( jo.,(N -1-m)T),
roe A — NpounsBorbHbIN KO3(MULMEHT.
Ona pacyeTa BepOATHOCTHbIX xapaktepucTtuk LIKKO Hangem curian Ha Bbixoge C®, nonaras @, =0:

£

Z((N—I)T+t0)=ANl(t0)§exp(/a)c ((N—l—m)T+t0)+g00)+§AX((N—1—m)T)n((N—l—m)T+t0)

MnotHocte BeposTHocTu (MB) orubatowen Z((N-1)T+z,), npu OTCYTCTBUM MOSNIE3HOTO CUrHana

X(nT), pacnpegeneHa no 3sakoHy Panes, a B orubarwowen CyMMbl MOME3HOTO CUrHana W Lyma

pacnpegeneHa no o06o6uweHHomy 3akoHy Panes [2]. Ona cnydas, korga amnnutyga nonesHoro curHana
3HauuTenbHO (bonee yem B 5 pa3) npesblllaeT cpefHekBaapaTudeckoe 3HadeHue wyma, 1o B MoxHOo
annpoKCMMMPOBATb rayCCOBCKMM pacnpefeneHveM ¢ TOW e Aucnepcuent U CpeaHUM 3HavYeHUeM paBHbIM
MO orubatowen Z((N-1)T+t,). MNpu onpeneneHnn nopora NpUHATAA pelleHns no Kputepuio HenmaHa-

MupcoHa, xapaktepncTukn obHapyxeHus LIKKO MoxHo paccuntatb no cnegyroLlen gopmyre:
1 N-1 ]
Py (Z2) = 5(1 +@(| gh(t,)"[2N Y exp(j@, (N =1=m)T +1,)) | —/-2In P,,)) (1)
m=0

rae g - OCLU Ha Bxoge obHapyxutensi, d{x) - uHTerpan BeposiTHOCTU [2], P, - BEepOsiTHOCTb

noxHou Tpesorn. MoLHOCTb BXOAHOIO CUrHana HopM1MpoBaHa, T. €. P :Mz‘:| hkT)P =1-
k=0

ViccnenoBaHust KoppensiumMoHHbix cBoncTB CHIT nossonunu BbisiButb otpesku CHIN, obnapatowme
XOPOLLUMMMN KOPPENALUUOHHBIMKA CBOWCTBaMW, T.e. MMeEKLWMe Marnblii ypoBeHb OOKOBbIX IenecTKoB. 37O
MO3BOMNSET He TONMbKO OOHApPYXMTb CWUrHam, HO M C BbICOKOWM TOYHOCTbIO obecneuntb ugeHTudmkaumio
MecTtononoxennss cumeonoB B CHI, 4yto HeobxogMmo pans obecnevyeHusi ObICTPOM CXOAMMOCTU
afjanTMBHOIO KoppekTopa. B stom cniyyae, npu pacuyeTe BEPOATHOCTHbIX XxapakTtepuctuk LIKKO,
HeobX0AMMO y4nTbIBaTb HE TOMbKO BMMSIHWE aaAWTUBHOIO LWYMa, HO U HeratMBHOE BO34eNCTBME NMOBOYHbIX
NMKOB aBTOKOPpPEnsaunoHHon dyHkumn (AK®), pacnonoxeHHbix Ao rnasHoro nuka AK®. B cBs3u ¢ Tem, 4to
6a3a nocneposaTensHoCcTEN, 06NagaLLmUX XOPOLLMMM KOPPENSALMOHHBLIMKY, CBOMCTBaMU Mana (He 6onee 32
cumBornos), npu OCLU 6onee 10-15 gb mMoxeT npoucxoauTb NOXHOEe OBHapyxeHuMe Ha NOBOYHbLIX MUKax
AK®. Ing Toro, 4tobbl aTOro nsbexartb, Nopor obHapyxeHus HeobxoauMo BbIBUpaTbh C y4ETOM MOLLHOCTMU
BXOOHOro curHana («nnasatoLminy» nopor). Torga xapakrepuctuku obHapyxeHusa LIKKO paccunteiBatoTcs no
cnegytouwen opmyne:

—cos(w,(N -1)T)
o,(N-DT
Ha pwuc.1, 2 npeacraBneHbl pesynbTaThl pacyeTa BEPOATHOCTHLIX xapakTtepuctuk LIKKO 6GrodHoro

OM curnana euga ®M8 ans N=16,32 npu P. =10"° (T=2400"), ucronbays cdopmyny (2). Tam xe

am

21
Puo(f.q.ty) = %(H@(q | h(ty) | MJ ( )—J—zlnam(l+q2)>) (2)

TOYKaMW NoKa3aHbl pe3yrnbTaTbl MOOENTMpPOBaHNA.

-8 -6 -4 -2 0 2 4 6 8 -10 -12 -14 q,aB

Puc.1. Xapaktepuctuku obHapyxeHusa LIKKO (1,2 — N=32; 3,4 — N=16; 1,3 —nopor obHapyxeHus no
HelimaHy NupcoHy; 2,4 — «nnasatoLLmii» nopor).
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P (f)
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Puc.2 3aBncumMocTb BEPOATHOCTM NpaBubHOrO obHapyxeHust curiana P, oT CHY npu pasnnyHbIx
OCUW un drase TakToBOW YacToThl. KpmBble 1 paccumtanbl npu OCLW ¢ =2005, a 2 — npu OCLW ¢ =50F.

ChnowHON nvHWEN nokasaHa BEpPOSTHOCTb MPaBUNIBHOTO OBHapyXeHWUs Mpu TOYHOW AWCKpeTM3aumu C
4acTOTOM CMMBOJIOB, a MPEPLIBUCTON — NPU HETOYHOW YCTAHOBKE dha3bl TakTOBOW YacToThl (+0,25T).

e CuHrtesmposaH LUKKO 1 npoBegeH aHan1a, NO3BONSIOLLNNA:
- paccuuTaTb Xapaktepuctuku obHapyxeHus LIKKO,
- onpegenutb Anana3oH pabouux yactot (OPY) LLKKO npu pasnuuHbix OCLU,
- BbISIBUTb CTEMEHb HEraTMBHOrO BIUSHUSA HETOYHOCTW YCTAHOBKM (dasbl TAKTOBOW YacTOTbl Ha
XapakTepUCTUkM obHapyxeHus n P4,
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DIGITAL CORRELATION DETECTOR OF BLOCK PSK SIGNALS TRANSMITTED VIA HF RADIO
CHANNALS

Afanasjevsky V., Novikov Y.

E-mail: K722@post.fssr.ru

Abstract: Complex digital correlation detector (CDCD) for PSK signal is synthesized and an
analytical expression is found allowing calculate CDCD detection characteristics.

In recent years high-speed block signals operating phase on-off modulation have been widespread
in HF band.

Solving the problem of a high-quality reception (demodulation) of such signals being influenced by a
variety of severe factors coupled to peculiarities of radio propagation in HF band, a number of specific
problems are to be resolved:

- Detection of a signal beginning. To reduce a negative influence of nonstationary radio channel
characteristics the information is transmitted in a block mode. Duration of the transmitted block quite often
may make fractions of a second making actual a problem of duly and reliable detection of the beginning of a
block. Solving this problem the conditions for fast demodulator tuning are created. Inefficient work of a signal
detector or its unavailability leads to a build-down of demodulation quality and to losses of blocks;

- Determination of a signal carrier. Demodulating PSK signals transmitted via telephone or satellite
communication channels, signal carrier is known, as a rule, precisely enough ([71Hz). Organizing a radio
communication via RF channels, carrier shift may make tens of Hz being caused by errors in reference
frequencies of transmitting and receiving devices;

- Search (development) of methods for adaptive correction with fast convergence, enabling an
effective work in strong multipathing. HF radio channels are considered among memory channels; this
memory significantly hampers a high-quality demodulation of high-speed PSK transmissions.

The problems set forth above can be effectively solved by the use of structural peculiarities of block
PSK transmissions containing in their structure pieces of a known sequence of digits, namely - starting
training sequence (STS).

The present work considers the solution of the first problem by synthesis of a CDCD for PSK signal
with an unknown initial phase and amplitude, and analysis of its probability characteristics.

Let's define an input signal of the detector as follows:

M-1

Y(nT+t,)=Y X((n—k)T)h(kT +1,) exp(jo,(nT+1t,)+¢,)+n(nT+t,),

k=0

Where x(nT) - complex sequence of transmitted digits (in particular STS), & (nT') - resulting
complex pulse response (CPR) of an information transmission-reception system including CPR for
transmitting filter, communication channel and receiving filter, @ _ - ELF, n(nT) - independent samples of
complex additive Gaussian noise (AGN) whose in-phase and quadrature components have zero average of
distribution (AD) and dispersion, G. =G> = G - digit following period, ¢ , - initial phase, M — channel

memory.

As is well known from the optimum linear filtering theory [1], solving the problem of completely known
signal detection when using a maximum signal-to-noise merit (STNM) criterion, a filter matched with a preset
signal is synthesized as a result. In case when the initial phase of a received signal is unknown, detection is
made by a waveform envelope; for this purpose matched filter (MF) is added by an envelope detector (ED).

Thus, an optimum CDCD of a known digit sequence in absence of a priori information on the initial
phase and amplitude of a received signal contains a complex transversal filter matched with a preset
sequence and ED. A priori amplitude ambiguity of a received signal, in this case, is taken into account when
determining a threshold of decision making.

Factors for transversal filter C, =C, + jC, ,m=0...N —1 are calculated as follows:

im?

C,=A4AX((N-1-m)T)exp( jo.(N -1-m)T),
where A - arbitrary factor.
To calculate CDCD'’s probability characteristics we find an output MF signal assuming @, =0:

Z(N-D)T+t)= AN}(tO)erxpgwc((N—l—m)T+r0) +0) +1§A)*(((N—1—m)T)n((N—l—m)T+to)
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Probability density (PD) for envelope Z((N-1)T+¢,) at absence of a useful signal X(nT) is

distributed under Rayleigh law while envelope PD for the sum of useful signal and noise is distributed under
generalized Rayleigh law [2]. For the case when useful signal amplitude is considerably (more than 5 times)
exceeds root-mean-square value of noise, PD can be approximated by Gaussian distribution with the same

dispersion and a mean equal to AD of the envelope Z((N-1)T+t, ). Determining a threshold of decision

making by Neumann-Pierson criterion, characteristics of CDCD detection can be calculated under the
following formula:

1 N-1 ]
Py (Z2) = 5(1 +@( gh(1,)\2N Y exp(jo, (N =1=m)T +1,)) | = /-2In P,,)) (1)
m=0
Where - ¢ STNM at a detector input, &(x) - integral of probability [2], P, - probability of a false

alarm. Input signal power is normalised, i.e. P :Mzh hkT)| =1-
k=0

Examination of STS correlation properties makes possible to reveal pieces of STS with good
correlation properties, i.e. having a small sidelobe level. It allows not only to detect a signal but also to
provide a high-accurate fix of digits in STS necessary for fast convergence of an adaptive equaliser. In this
case, calculating CDCD probability characteristics not only the influence of an additive noise must be taken
into account but also a negative impact of autocorrelative function (ACF) spurious peaks located before the
main ACF peak. As the base of sequences with good correlation properties is small (no more than 32 digits),
at STNM more than 10-15 dB, a false detection on spurious ACF peaks may take place. To avoid it detection
threshold must be chosen in view of an input signal power (“floating” threshold). Then CDCD detection
characteristics are calculated under the following formula:

—cos(@, (N -1)T)
o,(N-DT

21
Pm(f,q,ro>=;<1+q><q|h(to>|m% ( )—J—zlnamqu)»

(2)

Figs. 1, 2 present the calculation results of CDCD probability characteristics for block PSK signal
type 8PSK for N=16,32 at (T=2400"1), using the formula (2). Ibiden points show the results of simulation
analysis.

-8 -6 -4 -2 0 2 4 6 8 -10 -12 -14 q,ab Flg
1. CDCD detection characteristics (1, 2 - N=32; 3, 4 - N=16; 1, 3 detection threshold by Neumann-Pierson; 2,
4 — “floating” threshold).
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P (f)
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Fig. 2 Dependence between correct signal detection probability and ELF at various STNM and timing
frequency phases. Curves 1 are calculated at STNM ¢ =2005, curves 2 - at STNM ¢ =505. The continuous

link shows correct detection probability at an exact discretization with frequency of digits, discontinuous - at
inexact timing frequency phase arrangement (+0,25T).

0 . Thus a CDCD is synthesized and an analytical expression is found allowing to:

- calculate CDCD detection characteristics,

- determine CDCD operating frequencies range (OFR) at various STNM,

reveal a degree of negative influence of infidelity in timing frequency phase arrangement on
detection characteristics and OFR.
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