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SlBnenne 5X0 B TeseOHHBIX CETSX BO3HMKAET U3-3a OTPAKEHHS OSJIEKTPUYECKHMX CHUTHAIOB. YacTb
COCTaBJISIIOLIMX IPMHUMAEMOT0 CHTHAJIA IIPOHUKAET B JIMHWW MepeJaddl M BO3BPAILAETCsl 0OpaTHO K TOBOPSIIEMY
aOOHEHTy B BHJIE€ JXOCHI'HAIOB, KOTOpBIE IPHM OOJBIIMX 3aJepKKaX, 4TO HMEET MECTO B MEXIYropoJHeH,
MEXIYHAPOJHOW U CITyTHUKOBOW CBSI3H, SIBIISTIOTCS CEPhE3HOM MmoMexoi s pasrosopa [1,2].

Jlist OoppOBI C BXOCHTHAJAMH B HACTOAIIEE BPEMs HCIIOIB3YIOTCA 3XOKOMIICHCATOphl. OHHU CTPOATCS Ha
OCHOBe amanTuUBHBIX (GuibTpoB (AD) ¢ KoHEUHON HMMITyIbCHOHM xapakrepuctukoi (KMX), a mng momcTpoikm
KO3((UIIMEHTOB TPUMEHSIOTCS aJrOpUTMbI HAa OCHOBE MeToda HamMeHbIux kBaapatoB (MHK) [3].
[IpenmymecTBO AaHHOTO MOAXO0JA 3aKIIOYAETCS B €0 MPOCTOTE M HU3KOH CI0KHOCTH B BBIUYHCIHMTENILHOM IUIAHE.
TpeOoBaHMsS K XapaKTEepUCTHKAM 3XOKOMIIEHCATOPOB OIpEAEeHbl B pekoMmeHaanusx MexayHapoaHoro Coro3a
Onexktpocssizu ITU-T G.165 u G.168 [4,5].

[pu cutyarmu, Koraa roBopsT 00a abOHEHTa OJHOBPEMEHHO (Jajiee — CUTYaIUs IBOMHOTO pa3roBopa), pabora
aIalTHBHOTO alropuTMa Hapymaercs. st oOHapyKeHHs CHTyallid JBOMHOTO pasroBopa W (OpMHUPOBAHUS
YIPaBISIFOIIET0 CUTHAJIA JUIl alrOpPUTMAa aJanTallid B COCTaB 3XOKOMIIEHCATOpa BBOIMTCS JIETEKTOP JBOWHOTO
pasrosopa (J/IP). Onnako, padore JI/IP npucyimm HeJOCTaTKH, BO-IIEPBBIX, 3a/IepKKH CpabaThIBaHUS, NPUBOISIIHE
K yXYIOIICHUIO TOJABJICHUS DXOCUTHANA, a BO-BTOPHIX, JIOKHBIE cpabarsiBaHus [6]. OQHON W3 MPHUYHMH JIOKHOTO
cpabarbBanns JIJIP mMoxkeT OBITH pe3koe M3MEHEHHE UMITYJIbCHOW XapakTepucTuku 3xorpakra. J[JIP. Hampumep,
W3BeCTHHIN anroputMm ['eiirens [7] He pazmmyaeT pe3KOro M3MEHEHHS WMIYJIBCHOW XapaKTEPUCTHKH HXOTPAKTa OT
CUTYallUu ABOWHOTO pa3roBopa.

Hcxonst u3 3T0r0, NpeACTaBISIETCS aKTyalbHON pa3paboTKa HOBBIX aJlTOPUTMOB AETEKTUPOBAHUS U 00pabOTKH
CHUTYallH ABOMHOTO Pa3roBOPa YUUTHIBAIONINX BHIMIECTIPUBEACHHbBIC HEJOCTATKH.

OcHOBO# pa3pabOTKK HOBOTO aITOPUTMA SIBJISIETCS] HCIIOJIb30BAHUE CIIEAYIOLIMX COOOPaKEHHMH:

— I p€aJIbHBIX 3XOTPAKTOB IJIMHA HMHyJ’leHOﬁ XapaKTCpUCTUKH O6l)l‘iH0 CYIIECTBEHHO MNPEBOCXOOUT
JUIMHY TaK Ha3bIBa€MOIl aKTMBHOW YaCTH MMITYJIbCHOM XapaKTEpUCTUKH, T.€. YaCTH, KOTOpas BHOCUT HaHOOJIbLINN
BKJIaJ B dHEpruro 3xo curHaia. [Tostomy, A® noacTpouBIMiics 1MOJ 3XOTPAKT, Ha KaXIOM miare OyJeT UMETh
0o0JIbIIIOE KOIMYECTBO KO3((HUIMEHTOB IOYTH PaBHBIX HYJIO, a cyMMapHas dHeprusi kodd¢uunenros AP Oyxer
MIPUMEPHO MMOCTOSIHHOM.

— KpOME TOro, IMOCKOJIBKY CHTHaJd OT OnmKHero aOOHEHTa SBIAETCS HEKOPPEIMPOBAHHON ITOMEXOW JUIs
anroput™Ma agantanuu, Kodddummentst AP npyu HAIMYMK CHUTHANa OT OMIKHEro a0OHEHTa YK€ 3a HECKOJBKO
IIaroB pacXoAATCs OT ONTUMalbHbIX 3HaueHHH [8]. Ilpm 3TOM pe3ko BO3pacTacT CyMMapHas SHEPIus
koa¢pdunmento AD.

Jnst nepectpoiiku BecoBbiX koddduipentoB A®D ucrnonb3yercs HOPMAJIM30BAHHBIA METO] HAWMEHBIINX
kBagpatoB (HMHK). 3necs u nasee BBeneHs! cieayronme 0603HaueHust: X(7) - CHTHaN qanbHero aboHeHTta, v(n)

- curHan GmmkHero aboneHrta, d(n) - sxo-curHai, )(n) - cyMMa 5XO-CHIHaJa U CHIHAJa OT OIIIKHEro abOHeHTa,
»(n) - oueHKa 5X0-CUrHAIA, OTyYaeMast ¢ BHIXO/@ aIaNTHBHOTO GuibTpa, €(71) - OmMOKa OLEHKU IXO-CHIHAJIA,
e(n) - ocratounoe 3xo.
[Monctpoiika koaddunrenToB AD npousBogutcs cormacio HMHK
h,(ny=h,(n—=1)+ p(n)-x(n—k)-é(n), k=0,1..L -1, (1)
BEIMYHHA [1ara aJanTaliy, COOTBETCTBEHHO, 331aeTCS BHIPAKCHUEM
a
wn)=—— 2 e(0,2),520, @)
B+x"(n)-x(n)

rae, o, [ - KOHCTaHThl, X - BEKTOP OTCUETOB CHMTHana AanbHero abomenta mimebel L. B nanbHeimem

MOIETUpOBaHNY uctons3yercst L =128 .

Oxotpakt monenupyercs KUX-dunbrpom, anunoi 128 kodpdUIMEHTOB, U COOTBETCTBYET HMITYJIbCHON
XapaKkTepUCTHKEe TU(PQPEPEHINATBHON CUCTeMBbl, 3amaBaeMoii pexkomeHmarmeidn G.168. Hcnons3yemeie B
MOJCIMPOBAHNU CHUT'HAJIBI OT 6J'II/I)KH6FO U JaJIbHEro a60HeHTOB ABJIAKOTCA OTUCKPETU3UPOBAHHBIMU C YacTOTOM 8
KT'm.

B KauecTBe MOpOroBOM CTATHUCTUKH Al OOHApY)KEHHs CHUTyallMM [BOWHOIO pasroBopa Ipeiaraercs
UCTIONB30BaTh (DYHKIIMIO OT CyMMEBI KBajpaToB Kodhdumumentop AD (3), B NpeImoIoKEHUH, YTO HMITYJIbCHAS
XapaKTEPUCTHKA FXOTPAKTa B TEUCHUE PA3rOBOPa U3MEHSACTCS HE3HAUYUTEIHHO.

Em=1n| Sh2em |, 3)

i=0,

3peck L -mmna AD, h,(n) - 3nagenue i -ro kodpouunuenra AD, n - Homep 06pabaTHIBAEMOr0 OTCUETA.
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OOBIYHO TIpH OOHAPYXKEHWH AETEKTOPOM CHTYalldH JBOWHOTO Pa3TOBOpA aJaNTHBHBIA alTOPUTM JOJDKECH
MPUOCTAHOBUTH MOJCTPOIKY KO3(h(HIMEHTOB, 4TOOBI OLEHKA J3XOTpakTa najee He yxymmanacb. Ho Tak kak
JAHHBIA aJrOPUTM OCHOBAaH HA BBIYMCICHUHM CYMMBI KBaapaToB Kod(duimeHToB AD Ha KaXIOM OTCYETE,
OYEBMIHO, YTO IPMOCTAHOBKA MNPOIIECCa aanTalu HenonycruMa. Kpome Toro, pemaromas craructuka & mocie

OKOHYAHWS IBOWHOTO pasroBOpa, CXOOWTCA K OOBMHOMY 3HAYEHHIO MJOBOJBHO MEMICHHO, ITOCKOJBKY
kodpPuumeHTsl AD 3a Bpems ABOHHOTO pPa3roBOpa CHIBHO PAa3OIUIUCh OT ONTHMANBHBIX, M 3TO YXY/IIAeT
oOHapy’KeHHEe 3aBEePIICHHS CUTYaIlMH ABOHHOTO Pa3roBOpa.

Peienrem naHHO# MPOOIEMBI MOXKET CITY)KUTh MOJU(DUIIMPOBAHHAS CTPYKTYpa ¢ ABYMsI GpuiabTpamu (puc. 1).
OpuruHaibpHas CTPYKTypa onucana panee B [9]. @mibTp 4 — ucmonslyercs st GOPMHPOBAHUS OLIEHKH HXOTpaKTa
U Uit OOHApy)KEHHs CHUTyallMd JBOMHOro pasroBopa. @uiabTp B — CIYKHUT i1 COOCTBEHHO MOMABICHUS 3XO
curHaia. Moandukanued OpUrMHAIBHOW CTPYKTYpPBI sIBIsieTCsl CBsizb GuiubTpa B ¢ ¢unbrpom A. [Ipumenenue
MOTUGHUIIMPOBAHHON CXEMBI C IByMsI (PUIBTPaMHU MO3BOJISIET ONIEPATUBHO OOHAPYKUBATh HAYATIO0 M KOHEI[ CUTYaI[HH
JIBOMHOTO Pa3roBopa, M COXpPaHsATh YPOBEHb MOJABIICHHUS 9XOCUTHAIA BO BPEMsI ABOMHOTO pa3roBopa.

Paccmorpum nBa pexxuMa paboTsl cucTeMsl. Jlanee aisi MpocTOTH IPUHUMAEM, YTO UIMHBI GWIbTpoB A u B
OIIMHAKOBEL. B 0OBIYHOM pekume (HET ABOMHOTO pa3roBOpa) alanTHBHEIA QMIBTP A Ha OCHOBAHWH BBIYHCICHHOMN

omubKku €(n) TIPOM3BOJMT MOACTPOHKY CBOMX K03 duumenTos. Uepes 3ajaHHOE YUCIIO OTCYETOB 7 BBIYMCISETCS

craructuka ¢ HA OCHOBE CYyMMapHOW 3Heprud Kod(p(HIMEHTOB (Guibtpa A, M CPaBHUBAETCS C 3aJaHHBIM

noporoseiM 3HauenneM Q . Eciin & He npebicuia noporosoro 3Hadenust (& <)) , NpUHUMAEM, YTO B TEYEHUE

3aJJaHHOTO TIPOMEXYTKa 7 JBOMHOro pasroBopa He ObuUIO OOHapyxeHo, W KoddduumeHtsr n3 ¢uiptpa A4
KomupyroTcst B GuiIbTp B. B npoTHBHOM citydae, IeKJIapupyeTcst peXuM JIBOWHOTO pasroBopa.

B pexume 1BOWHOTrO pasroBopa, HaIPOTUB, B Havase KaXI0ro MHTepBaia 7 , KOOQQUIMEHTHl KOMHPYIOTCS U3
¢unstpa B B dmwibtp A. Uepes 3aJ@aHHOE YUCIO OTCUETOB 7 OISATH BBIYUCISAETCS CTATUCTHKA & Ha OCHOBE

cyMMapHO# sHeprun Koddpuuuentos punstpa 4. Ecin ona npeswimiaer nopor (£ > Q), To curyaims ABOHHOTO

pas3roBopa cYMTaeTcst MPOIOJDKEHHOMW, Ha CIIAYIOIINIT HHTEpBal BpeMeHH, KO3 QUIMEeHThI CHOBa KOIUPYIOTCS U3 B
B A W AaHHBIA mIar moBTOpseTcd. B mpoTUBHOM ciydae, peXUM IBOWHOTO pa3roBopa OTMEHSETCS, M CHCTeMa
HauyMHaeT paboTaTh B OOBIYHOM pexuMe. BeiencTBue HeCTalMoOHapHOCTH PEUEeBOr0 CHTHANA Lesiecoo0pasHo nepen

IIEPEX0JI0OM B OOBIYHBII PEKUM CHENATh 33IEPAKKY Cle Ha HeKOTOPHIil IpoMexKyTok BpeMenu 1), ,, . Cornacro [10]

aJleKBaTHBIM 3HAYEHMEM JUISl PEYEBBIX CHTHAJOB sBisiercss 1), = 75MC, 4TO COOTBETCTBYeT 3ajiepkke B 600

OTCUCTOB.
xm —

O—>—

£<Q
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A

Puc.1 Mopenb 3XxoxkoMieHcaTopa ¢ MOAUGHUIIMPOBAHHON CTPYKTYPOH ¢ ABYMS QUIBTPAMH U IETCKTOPOM Ha OCHOBE
cyMMapHoii sHepruu kodppunuenToB AD
IMoporosoe 3nauenre () IOIHKHO 3a1aBAThCS W3 COOOPAKEHHI, UTO CHCTEMA HE JOJKHA TIEPEXOIUTE B PEKAM

JIBOMHOTO pasroBopa IpU PE3KUX H3MEHEHUSX HMITyJIbCHOM XapaKTepUCTUKU IXOTpakTa. [IpoMexyTok 7 He
JIOJDKEH OBITh CIMIIKOM MajbIM, B NMPOTUBHOM cCilydae KO3(QQuIHUEeHTH (uibTpa A He yCHeroT pa3oWTHCh Ha
JOCTAaTOYHbIE A1 OOHAPYKEHHs ABOMHOrO pasroBopa 3HaueHHs. OJHAKO 3aaHue OONBIINX WHTEPBANOB 7 TOXE
HE PEKOMEHJIyeTCs BCIEACTBHE YXYALICHHUS XapaKTePUCTUK aIrOPUTMA, T.K. BO-NEPBBIX, aTTEHIOAIMS 3X0 CUTHAJIa
CTAaHOBUTCA CKaykKoOOpa3HOH, YTO 3aMETHO Ha CIyX, a BO-BTOPBIX, YXYHIIAE€TCS CKOPOCTh OTCIEKUBAHUA
W3MEHEHUH 3X0TpaKTa.

B ¢unsrpe A npumensiercst anantuHbii anroputM HMHK. OctanbHble mapamMeTpbl aJlrOpUTMa CIIEAYIOIIHE:

a=1, =001, O=-3,7r=100o0rcueros, 7}, =6000rcueroB. B KauecTBe XapaKTEPUCTHUKH CBOICTB
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HOBOIO aJrOpPUTMA HCHOJB3YETCS BEJIMYMHA IIOAABJIEHUS OJXOocurHana FERLE, 3amaBaeMasl CIEAYIOLIUM
BBIPAKEHUEM::

2
ERLE(n):lo*logw(%} @

a TakKe HOPMHPOBAaHHAS pPacCTpOiKka BeCOBBIX KO3 uimeHToB A®d OTHOCHUTEIBHO HMITYJIbCHOM
XapaKTepUCTUKH 3XOTPAKTa

h—h(n)
; 6]

I
Ha puc. 2(a) u puc. 2(0) npuoaurcsi cpapuenue ERLE v pacCTpONKH Ui TPEX CIydyaeB: HOBOTO aJIfOPUTMA,

nipu ucnonb3oBanuu JAJIP [eitrens[7] u B orcyrcTBum J/IP.
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Puc.2.Cpasaenne ERLE u pacctpoiiku npu HCIIONB30BaHUN HOBOTO anroputma, JJJIP Iefirenst u npu oTCyTCTBHH

AAp

YMeHBIIICHHE PACCTPOWKH BECOBBIX KO3()(GHLUMEHTOB aJanTHBHOTO (UIBTpa NPH HCIOJB30BAaHUH HOBOTO
NTOpUTMa IO CpaBHEHHIO ¢ anroputMoM [eitrens u 6e3 J/IP cocraBmser 20 nb u 60 gb cooTBeTCTBEHHO, YTO
TOBOPUT O 3HAYUTENHHOM YJIy4YIIEHHH XapaKTePHCTHK 3XOKOMIIEHCATOPa B CUTYallMH JBOMHOTO pa3roBopa.

[IpennokxeH HOBBIN crHoco0 oOOHapyKeHHS H OOpabOTKM CHTyallMd JBOWHOTO pa3sroBopa Ha OCHOBE
BBIYMCIICHHS CYMMAapHOH 3HEprud Kod3((HULHEHTOB aJalTHBHOTO (GMIBTpa U MOAU(HKAINU CTPYKTYPBHI C IBYMS
¢unpTpamu. MozenupoBaHue Ha PEYEBBIX CHUTHAJIAX IT0KA3aJ0 YCIEUIHOCTh JaHHOTO IMOJXO0Jia MO CPaBHEHHIO C
ucnonbs3oBanueM JIJIP Ha ocHoBe anroputma Ieitresns.
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A NEW METHOD FOR DETECTION AND HANDLING OF DOUBLE TALK SITUATION IN LINE ECHO
CANCELLATION
Nazarovsky A., Tarakanov A.
Yaroslavl State University
150000, Yaroslavl, Sovetskaya 14, Russia.
Phone: (0852)79-77-75, e-mail: deslab@uniyar.ac.ru

The line echo (also known as hybrid or electric echo) in international and satellite telephony is caused by the
interrelations of receiving and transmitting wire lines. As a result, part of the signal in the send line is reflected back
to the receive line. The general approach to line echo cancellation is using adaptive filtering methods [1]. The Finite
Impulse Response (FIR) adaptive filters implementing Least Mean Squares (LMS) methods are commonly in this
task. The advantage of this approach is its low computational cost and quite good performance. Tests and demands
on line echo cancellers are defined in ITU-T recommendations G.165 and G.168.

In double talk situation (i.e. when both subscribers talk simultaneously) the work of adaptive echo canceller is
corrupted. Common way to handle this problem is to use the Double Talk Detector (DTD). DTD should detect such
situation and generate control signal for the adaptive algorithm.

A new method of double talk detection and handling the double talk situation is proposed. Double talk
detection is carried out using summary energy of adaptive filter coefficients and double talk situation is handled by a
modified two path structure.

Since near-end signal acts as a high level uncorrelated noise to the adaptive algorithm, the adaptive filter
coefficients in double talk case very quickly drift from the estimated echo path impulse response. Close to zero
coefficients are also diverging, so in double talk case the total energy of adaptive filter coefficients is quickly
increasing. This fact is proposed to use for double talk detection.

We use the Normalized Least Mean Squares (NLMS) algorithm and the Finite Impulse Response (FIR) filter.
Echo path is modeled by a FIR-filter and is defined according G.168 recommendation. Far-end and near-end signals
used in the modeling are discretized at 8 KHz frequency.

As a decision function for the double talk detection we use the function from the total sum of squares of
adaptive filter coefficients. However common method of double talk handling i.e. suspension of adaptive process
during double talk is not applicable here, because decision function after detection would be “freezed” forever.
Moreover detection of double talk ending is difficult, because adaptive filter coefficients have strongly diverged.

To solve these problems we suggest modification of two filter structure. Original structure was proposed in [2].
Filter 4 is used for echo path estimation and double talk detection, and filter B — for echo cancellation. New in this
approach is link between filter B and filter 4. System has two modes: normal mode and double talk mode.

As a result the new method of double talk detection and double talk handling was proposed, and modeling on
speech signals has shown the advantages of the new method over Geigel DTD. New method is quite simple and has
comparatively low computational complexity. However, the proper choice of new method’s parameters requires
further research.
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