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1. BBenenue

IIpu wcnonp30BaHUM JUIA TEepeladydl JaHHBIX OTEYCCTBEHHOHM Telne(OHHOW ceTH OoOmero MoJb30BaHUSA
Ka4eCcTBO OPraHU3YEMbIX KOMMYTHPYEMBIX KaHAIOB (OCOOCHHO B Clydae HaJMYUS B UX COCTaBE OOJBIIOTO - 10 12 -
Yycla TEePEenpUEeMHBIX YYACTKOB) 3a4acTYI0 OKa3bIBacTCs KpaitHe HU3KUM [1]. DTO 0OCTOATENBCTBO HE MO3BOJSET
MOJTHOCTBIO ~ PCATM30BBIBATh  MOTCHIIMANBHBIC BO3MOXHOCTH COBPEMCHHBIX MOJIEMOB, TaK Kak JeJaer
HEpabOTOCIIOCOOHBIMU PEKUMBI BBICOKOCKOPOCTHOM TIepeIadH.

OmHuM W3 BapuHaHTOB pEUICHHSA MaHHOW MpOOJEeMbl SBISETCA BKIIOYEHHE B COCTaB MojeMa
MIPEABAPUTEIILHOTO KOPPEKTOpa YACTOTHBIX XapaKTePUCTHK KaHama. B pabote [2] mpUBOAATCS pa3IHYHBIE CXEMBI
pea3anyuy MpeIBapUTENFHBIX KOPPEKTOPOB KaHasla, OJHAKO HCIIONB30BAHME WX B COCTABE MOJEMa IpPEIIoyaraet
00 PYYHYIO HACTPOWKY KOppeKTopa, OO KpalHe MEIJICHHYI0 aBTOMAaTH4eckyro. lIpm 3ToM aBTOMaTH3aIms
MIPOIIeTypHl HACTPOMKHM BO3MOJKHA ITyTEM ITOCIIEIOBATEIHPHOTO W3MEHEHHUS CTPYKTYPBI KOPPEKTOPa, BHIPAKAIOIIETOCS
BO BKJIIOUCHHH B €€ COCTaB TeX WM MHBIX KOPPEKTHUPYIOUINX 3BEHBEB, U OLEHKH KadecTBa pPabOTHI MPHUEMHHKA TIPH
KaXI0M U3 BO3MOXHBIX KOH(HTypamuii KoppekTopa. IlocKoNbKYy mpu OOJNBIIOM KOJHYECTBE MEPEHPUEMHBIX
YYaCTKOB B JIMHUU YUCIIO MepeOUpaeMbIX KOHPUTypaluil KOPPEKTOpa JOHKHO OBITH JOCTATOYHO OOJNBIIKM, a BpeMs
OLICHKM KadecTBa paOOTHl TNpPHEMHUKA (KOTOpas MOXET OBITh OCYIICCTBICHA, HAMPUMEpP, IO 3HAYCHHIO
CPEIHEKBAIPAaTHYCCKON OIMMMOKU Ha BXOJIC PEIIAIONICIO YCTPOWCTBA MOJIeMa) TIPH aHAIIN3e KaKI0H KOHPUTYpaluH -
MIPEBHIIIAIONIAM BPEMs YCTAaHOBICHUS Pa0OYMX PEKHMMOB BO BCEX y3JaX IPUEMHOW YacTH MOJEMa, TO €CTh BECbMa
JUINTETIFHBIM, 00IIast IPOJOIDKUTENEHOCTE aBTOMATHYECKOH HACTpPOWKH MOJOOHOTO YCTPOWCTBAa  SIBISACTCS
HEJIOITyCTUMO BBICOKOH (TTOpsIKa ABYX WM 0OJiee MUHYT).

3HaUNUTENbHO  OONBIIMM  OBICTpOAEWCTBHEM  OO0JamaeT KOPPEKTOp, TIIOCTPOSHHBIH Ha  OCHOBE
KOPPEJAIOHHOTO METO/a OIICHKHM MapamMeTpoB KaHaia . CyIIHOCTH 3TOTO METO/Aa, a TakkKe OCOOEHHOCTH ero
pean3anuy ¥ pacCMaTPUBAIOTCS B HACTOAIIEM JAOKIAIE.

2. KoppesinoHHBINH MeTO/] OLIeHKH HMITYJILCHOI peaknuu KaHaJjia

[pennonoxum, 94TO MMEETCs] HEeKOTOpbIi TecToBblid curHan X(N) (N - HOMep OTcyeTa), MPeACTABISIOLINNA
co00il MeprnoauYecKylo IMOCIEA0BaTEILHOCT, COEpXKaIly0 B cBoeM mepuoje N 0TCUeTOB, aBTOKOPPEIALMOHHASL
(YHKIMS KOTOPOH

1 N-1
B,(m) = 3 XD (m+1)mod N] @
OTPENENAETCS COOTHOIIECHUEM
1 nmpu m modN =0
O
B,(m)=0 ¥
%) npu opyaux m

[Tpu MPOXOXKASHUH ITOTO TECTa Yepe3 KaHal ¢ aJJUTHBHBIM IIYMOM Ny, HEKOPPEIUPOBaHHBIM ¢ X(N), OTKIHUK
KaHana Y(N) MOXHO OMUCATh BHIPAKEHHEM

y(n>=:§;h(k)m(n—k>mdN]+nk(n). 3

BbrunciauM nepuonudeckyro QyHKIUIO B3aUMHOI Koppeisiuu By, (M) curnanos x(n) u y(n). ITo ananoruu c
(1) nmeem:

1 N-1
Bxy(m)zN Zoy(n)D<[(n+m)mod NTJ. (4
IMoacTasunsst B 310 BeIpaxkeHue 3HaueHue y(N), OHpGILCHHeMOG (3) nomyuum
xy(m):_ Z_ E'\‘Z_h(k)D([(n k)mod N] +nk(n)DD<[(n+m)mod N] =
n=0 (k=0
=Nz_ (k)[—ll ZX[(n k)mod N] X[(n+m)mod N + (5)
k=0 n=0

R z_nk(n)&[(n+m)mod N]
Nn=0

PaccMotpuM mepBoe ciaraemoe By (M) Beipaxkenus (5). C uenblo ero ynpolleHHs OCYLIECTBHM BO
BHYTPEHHEH CyMMe 3aMeHy NepeMeHHOH cyMMupoBanus. [lonoxum
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[ =(n=-k)mod N =(nmod N —kmod N )mod N,

OTKyza

nmod N =(I +k)mod N. (6)
IIpu sTom

(n+m)mod N =(nmod N +mmod N )mod N,

i, ¢ yaetom (6),

(ntm)mod N =(l +k+m)mod N,

npudeM rpu m3MeHennd N ot 0 1o N-1 / Taxoke mpo6eraeT Bce 3HAUCHUS TIEPHOA.
ITosToMy MOXHO 3anucatb

N-1 N-1
ley(m)= Zh(k)[-l£ ZX[(n—k)mod N]X[(n+m)modN] =
k=0 Nk=0 (7)
N-1 1 N-1
= Zh(k)El— ZX(l)D([(I +k+m)mod N]
k=0 N 1=

B cootBerctBuu ¢ (1) u (2)
@ npu (k+m)modN =0
1 N1 g
NZX(I)D([(I+k+m)mOdN]=D (8
=0 %) 6 Opyaux cay4asx

npuueM TpH 3HadeHMsX M u K, ynosnerBopsiomux HepaBenctBaM 0<m <N -1, 0<k<N -1, uro
COOTBETCTBYeT OJHOMY mepuoay curHamoB X(n) u y(n), usz pasenctsa (kK +m)mod N =0 crenyer, uro
k=(—-m)mod N =N —1— m. D10 o3Hauaer, 4To Mpu KOHKPETHOM M BO BHEIIHEH cymMe BEIpakeHHs (7) ecTh

TonbKO oxHO 3HaueHne K = N —1 — m , qns xotoporo cymma (8) OTIMYHA OT HyJIs, HO3TOMY
Biy(m)=h(N-1-m). 9

Btopoe cnaraemoe cootHoteHus (5)
1 N-1
Boxy (M) = N zonk(n)&[(n+ m)mod N ]
n=

TIOJTHOCTBIO aHAJIOTHYHO BBIpaXEeHHIO (4) M MPENCTaBISIET COO0H OINEHKY (YHKIIMH B3aUMHOW KOPPEISITUN
HEMPEePhIBHOTO aJIMTUBHOTO IIyMa KaHana Ny, 3aJaHHOrO JUCKPETHBIMH OoTcdyetamu Ng(N), ¥ TECTOBOrO CHTrHAA.
IMockonbky mpoieccsl N(N) u X(N) HEKOPPEITUPOBAHbI,

B2xy (m) DO (10)

Takum oOpazoM, Kaxislii meprnoj (GYHKOIMM B3aMMHOM KOppENSIIMM TecTa C OTKIMKOM KaHama B
COOTBETCTBHHU C PaBEHCTBOM (9) COAEPIKUT OTCUETHI PEabHOW MMITYJICHOW XapaKTEPHUCTHKH KaHaja, 10 KOTOPOH
MOTYT OBITh OIPE/ICIICHBI X COOTBETCTBYIOIIMM 00Pa30M CKOPPEKTHPOBAHBI €r0 YaCTOTHBIE XapaKTEPUCTHKU.

PaBencrBo (10) Bemmomnsiercss TeM TouHee, yeM Oosnbiie N. [Ipu 3ToM BBHIY OOJNBIION BBIYHUCIUTEIHLHOMN
CJIOKHOCTH onepaunu (4), ee 1enecooOpa3HO BBHINOJHATH B YaCTOTHOM OOJAacCTH, MCHONB3YS A Iepexoja OT
BPEMEHHBIX MOCJIEIOBATEIBHOCTEH K MX CIIEKTpaM M 00paTHO aJiropuTMBbI ObIcTporo npeodpasosanus Pypee (BI1D)
[5]. O6miast mocneI0BaTeIbHOCTh BEIYUCICHHUH B TAKOM CiTy4ae 3a1aercsi popmyoi

fhk} = F AR Ly} FETExk) |
rae {h(k)} - IOCJIEA0BATEIFHOCTh OTCUSTOB UMITYJIbCHOM PEaKLiU TPAKTa;

{y(k)} u {x(k)}- neprozs! nocnenoBarenbHOCTEH OTCYETOB OTKIIMKA KaHAIA M TECTA;

Fu F* - oneparops! mpsiMoro i oGpatHOro npeoGpasosannii Dypsbe;
* - 3HAK KOMIUICKCHOT'O COMPSIKCHUS.

3. CunTe3 TECTOBOM MOCJI€10BATEIBHOCTH

Jis cuHTe3a MepUOJUYECKON TECTOBOW MOCIICAOBATEIHLHOCTH C aBTOKOPPEISAIIMOHHON (QyHKImerd Buga (2)
BOCIIOJIB3YEMCSI ITOJIX0/I0M, OIMCAHHBIM B padoTe [3]. Onpenenum 3HaYCHHST OTCYCTOB TUCKPETHOTO SHEPTETHICCKOTO
criektpa Gy(K) (k - Homep oTcuera) uckomoro currana. B coorBercTBum ¢ TeopeMoi Bunepa — XuHUMHA, BBIYUACIISS
JII® ot 06eunx wacreii paBeHcTBa (2) HETPYAHO YOSIUTHCS, YTO

N-1 o . T 0
Gy(K)='S By(m)exphF j F itk int=1,
m=0 L N L

TO €CTh SABJECTCA PAaBHOMEPHBIM. OTO O03HAYaeT, YTO CIEKTP AaMIUIUTYJ IIOCJIEAOBATEIHHOCTH TaKXkKe
ABISIETCS. PAaBHOMEPHBIM M CIUHWYHBIM. Bun crmekrtpa (a3 He OKa3blBaeT BIMAHUS Ha aBTOKOPPEIIIHOHHYIO
(YHKIIHIO, OTHAKO BO MHOTOM OIpeAessieT popMy CHHTE3UPYEeMOT0 TECTa, KOTOPYIO YAOOHO OIIEHHBATH C TIOMOIIBIO
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muk-(akTopa. VccnemoBanns mMoKasaii, 9YT0 MUHUMAJIBHBIH MHK-PAaKTOP MOKET OBITH TOJIYYCH MPH KBAJPATHIHOM
3akone u3Menenus aprymenrta ¢(k) orcueros JIIP tecra. Kpome TOro, mOCKOIBKY MCKOMAsi MOCIIEI0BATEILHOCTh
JIOJDKHA OBITH MEHCTBUTEIBHON, HEOOXOMMMO, ITOOBI OTCUETHI €€ MUCKPETHOTO CIICKTPa YIOBICTBOPSIIH YCIOBHAM
cummerpun [4]. Mcxons u3 cKa3aHHOTO MOXHO 3aIicaTh Ciedyoliee cooTHolieHue, onpenensiomee D X(k)
CHHTE3MPYEMOTO CHTHAJIA:

. Tt
X(k):epoJ DZ—IIkZB:XD(N—K), (11)
O N O
A€ 3HaK D03HaqaeT KOMIIJIEKCHOEC COMPSI)KECHUC,
0< ks% - npu N — uemnom,
u O<k< % - npu N — wueuemmnonm.

Beraucmsis OJIID or X(K), 3amanHoro paBenctBamu (11), momydyaem BbIpaXCHHE I pacyeTa OTCYETOB
MOCIIEI0BATENbHOCTH:

0 N ing N1 0

1 [ n+(——mod 2)] 2 [PTT m
x(n)=—ri+(-1 2 N +1)mod 2] +20 cos kQk+n

(n) Néi (-1) AN+Dmod2] +20 5 cos { K+ )]

U L

AHanmu3, TMPOBEJCHHBIA C moMmomblo OBM, moaTBepkmaeT, 4YTO aBTOKOPPEIALMOHHAS —(QYHKIUSA
MTOCTIEIOBATENBHOCTEH PAacCUNTAHHBIX IO TOcHenHed (opmyie sSBIsSEeTCS WACAIbHOH, a 3HAUeHHE NHK-(pakTopa B
3aBucuMocTd oT N MeHsercs B nmpezaenax ot 1,3 o 1,7. IIpu 3ToM HaMMEHBITUM THK-(PaKTOPOM 00JIaAaf0T CHTHAIIBI C
yeTHBIM N, a HAaHOOIBIINM — C HEUETHBIM.

4. Anroput™M padoThl KOPPEJISIIMOHHOT0 KOPPEKTOpa

AJITOpUTM HaCTPOMKH KOPPEISIIMOHHOTO KOPPEKTOPa 3aKII0YAETCs B CIEAYIOUIEM. B pekiMe BXOXKACHHS B
CBSI3b IEpPENacTCad HECKOJIBKO NMEPUOA0B OMMCAHHON BHIIIE MOCIEI0BATEILHOCTH, B KaXKA0H U3 KOTOPBIX C MOMOIIBIO
BII® npou3BoAMTCS OLCHKA MMMyiIbCHOW peakuun kanama h(m). Ilpu stom mnmuna Tecta (uucio N) ompepensercs
MIPEAIoNaraeMo INTEIbHOCTBIO UMITYJILCHOM peakiuy, YpOBHEM IIyMa B KaHajle, 4acTOTOM IUCKPETH3aluM U
COOOpaXEHUAMH Pa3yMHOH CII0KHOCTU peajli3aLiH.

3atem ¢ nomoubto BII® mo momydenHbiM oueHkam h(m) serumcistoress AUX u @YX kaHama CBS3H.
ITockonbky mpu koHedHoM N paBeHCTBO (10) BBITIONHSETCS JHINb C OTPAHUYCHHOW TOYHOCTHIO, JOCTOBEPHOCTH
OLCHKM XapaKTePUCTHK KaHajla MOXHO B OIIPEICICHHOH CTENEHM MOBBICUTH ITyTEM YCPEIHEHHsS PpE3yIbTaToB
00paboTkn Heckombkux (mopsaka 10) mepuomoB Tecta. OQHAKO HAJIMYWE PACCHHXPOHHM3AIMH HECYIeH B KaHaie He
MIO3BOJISIET OCYIECTBUTH HEMOCPEICTBEHHOE YCPEIHEHNE KaK OLIEHOK MMITYJIbCHONW PEAKLUH, TaK U BBIYHUCICHHBIX Ha
nx ocHoBe peakmuidi ®UX (Ha dopmy AUX Hammuume pacCHHXPOHW3AIMU BIUSHUS HE OKas3biBaeT). IloaTomy
IpeAsaraeTcs Ha OCHOBE MOJTy4eHHBIX onjeHOK DUX onpeneniaTs XapakTepUCTHKY IPYIIIIOBOTO BPEMEHU 3aMeICHHS
(I'B3), mpencrasmsitomine co00il MEpBYI0 KOHEUHYIO Pa3HOCTb (IMCKPETHBIM aHalor IepBOH INPOM3BOIHOH) IO
yactote oT PUX n, mosTomy, He 3aBUCAIINE OT BHOCHMOTO BIIMSIHUSI PACCHHXPOHH3AIMN ()a30BOTO CIBHTA.

Vepennennsle 3HaueHuss AUX u I'B3 kanana cpaBHUBAIOTCSI C TaJOHHBIMU, TIO pe3yJabTaTaM CpPaBHEHHS
BBIUUCIIIIOTCSL COOTBETCTBYIOIME YACTOTHBIE XapaKTEPHUCTUKU KOPPEKTOpa, MO KOTOpbIM ¢ momouisto OIIID
OIIPEAEIAIOTCS KO GHUIUECHTHI €r0 HCIIOJHUTEILHOTO 3JIEMEHTa - TPAaHCBEPCaIbHOTO (P POBOTO QriIbTpa.

5. 3akaiouenue

Hcnonp3oBaHue MpU MOCTPOCHUH MOJEMOB COBPEMEHHBIX CUTHAIIBHBIX MUKPOIPOILECCOPOB JIENIaeT BIOJHE
JOCTYIHBIM 00bEM BBIYMCIICHHUH, IPEAIOoIaraeMblii TIPH peaar3alliy N3JI0KEHHOTO BhIlle MeTo/a. [IpakTudeckas ero
anpo0aIys Mo3BOJIMNIA OCYHIECTBUTh KOPPEKIMIO YACTOTHBIX XapaKTEPUCTHK KaHAllA C TOYHOCTBIO JI0 XapaKTEePUCTHK
onHoro nepenpueMuoro yaactka (ITITY) B muanazone ot 0 mo 15 TTITY 3a Bpems mopsiaka 1,5c.
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CORRELATION METHOD PERMITTING TO CORRECT FREQUENCY CHARACTERISTICS OF THE
TELEPHONE CHANNELS
[Iytos C.JI., Cynranos b.B.

Abstract. One of problems arising at usage of modern high-velocity modems for data transmission on domestic voice channels is the
poor qudlity last. The authors esteem a capability of its solution on the basis of actuation in the modem's structure of a preliminary corrector
channel's frequency characteristics built on the basis of correlation method. In the report are set up an essence of this method and features of its
implementation.

1. Introduction

At usage for data transmission of a domestic telephone network quality of organized switched channels
(specialy in case of presence in their structure large number of repeater sections) frequently appears by lowest [1].
This circumstance does not allow completely to realise potentials of modern modems, as makes by disabled modes of
a high-speed transmission.

One of candidate solutions of the given problem is the actuation in a modem's structure of a preliminary
corrector channel's frequency characteristics. In [2] the different schemes of preliminary adjustable channel's
correctors are resulted, however usage them in the modem's structure guesses extremely long-time set-up of a
corrector (about two and more minutes).

The much greater speed of set-up has the corrector realising correlation method of an estimation channel
parameters. An essence of this method and the features of its implementation are a subject of consideration in the
present report.

2. Egtimation of channel response by a correlation method
Let's suspect, that there is some test signal x(n) , representing periodic sequence with a period of /N such
that its autocorrelation B (1) isanimpulse train. Namely,
mmod N =0

B,(m)= =3 x(£)B(m+¢)mod N] = (1 <1>
X N /=o %) elsewhere

At passing this test through a channel with an additive noise 72, uncorrelated with x(n) , the output signal

of achannel 1(71) can be described by expression
N-1
Y(n)zkzoh(k)ql x(n—k)mod N] +ne(n), 2

where /1(k) denote channel response.

Evaluating cross correlation B, (1) between x(7) and y(1) , we receive

Byy(m)=h(N ~1-m)+B,(m), 3)
where B, (m) is cross correlation between x(7) and 1y (n) .

But, as xX(71) and 1 (1) are uncorrelated,

By,(m)=0. 4
Thus
B,y(m)=h(N-1-m) ©)

and each period of cross correlation between X(7) and y(7) represents readouts of channel response, on which

one can be determined and in appropriate way corrected its frequency characteristics. The calculuss can be simplified
with the help of algorithms of a FFT [5].

3. Synthesizing of test sequence
For synthesizing test sequence with autocorrelation (1) we shall take advantage of the approach described in [3].

Apparently, that the spectral power density of such sequence, determined as DFT from B, (m), is even

(single). It means, that the spectrum of amplitude of sequence also is even and single. The ring of a spectrum of does
not influence the form of autocorrelation, however in many respects determines the form of sequence, which one is
convenient for characterizing with the help of a peak-factor. The researches have shown, that the minimum peak-
factor can be obtained at the quadratic law of change of argument of readouts DFT of the test. Besides as the required
sequence should be redl, it is necessary, that it DFT obeyed symmetries [4]. Outgoing from this it is possible to record
following expression for DFT of the test:
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2T, o
X(k)= —k X* (N -k), 6
(k) eXPEJN §= (N-K) ®)

where * denote complex conjugate operation.
The required sequence can be determined by taking IDFT of X (k) defined (6). It is generated as such are
given by the following:

(N img 22 U
X(n)=%§+(—1)[ Came) (N +1)mod2] +20 Z cos 21 Eﬂ([ﬂk+n)%
0

4. Algorithm of correctors adjustment

For correctors adjustment the channel response computed by a correlation method will be used. On it with
help of a FFT are determined an amplitude-frequency (AF) and phase-frequency (PF) channel parameter. Their
average is made for decreasing influencing of a noise on the computed characteristics. At presence of PF response is
impossible. Therefore to average subjects its derivative-characteristic of an group delay (CGD). On average AF and
CGD the applicable characteristics of corrector are evaluated, on which one with the help IDFT the factors of actuator
of acorrector-transversal digital filter are determined.

5. Conclusion

Usage at construction of modems of modern signal microprocessors makes quite accessible a volume of
calculuss suspected at implementation of a described method. Its practical approbation has allowed to execute
correction of frequency characteristics if one repeater section in range from O up to 15 repeater section in time about
1,5 seconds.




