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The same procedure is applied to a question asked by user. Then some kind of intersection of two sets is
obtained. The first set is previously obtained set for text documents and the second set is obtained by applying
morphological analysis and hypotheses generation procedures to text representation of a question. The resulting
answer set is obtained by extraction of words that are consistent with the question word from that intersection and
sorting it in decreasing order of ranks.

For now proposed method is restricted to provide only one word answers without taking into account the context
in which the words are used. In future those restrictions will be removed.

The proposed method of generating and ranking of hypotheses was implemented with a number of restrictions
and tested on a database of news articles (over 3500 documents). Studies of the developed system showed positive
results and proved its suitability to the task. Now the main goal of research is to develop algorithms of deductive,
inductive and abductive logical inference. Those algorithms will help to answer such questions, the answers to
which are not contained in the indexed documents in explicit form.
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MHOMOMACLUTABHbIVN METO[ CNEKTPANBHOIO BbIYUTAHUA ONS NOOABNEHUA LLYMOB B
AYONOCUTHANAX
Tkauenko M.C., JIykun A.C.

MI'Y um. M.B. JlomoHOCOBa, ()-T BBIYUCIUTEIBHON MaTEMAaTHKN 1 KNOEPHETHKH,
nabopaTopuss MaTEeMaTHYECKIX METOIOB 00paboTKH N300paskeHMA

1. BBeaenune

[Tym — 3T0 HeXeMaTeIbHBIN CHT'HA, KOTOPBIA BO3HHUKACT MPHU Mepeadue Wi H3MEPEHHUU JPYroro, YUCTOrO CUT-
Hana. [IlyMel pa3inuyaroT 1Mo uX CHEKTPAIEHBIM CBOMCTBAM: CTAIMOHAPHBIC (HE MEHSIOIIMECS BO BPEMCHH) U HECTa-
LUOHAPHbIC. AJIUTUBHBIM HA3BIBAIOT IIYM, KOTOPBIH CyMMHUPYETCS C YHCTHIM CHTHAJIOM y[t] U HE 3aBUCHT OT He-
ro: x[t] = y[t]+ noise[t], rae t — Bpems, X[t] — HaOmromaemslil curHai. IlocTosHHOE MUNEHHE MUKPO(OHA, YCHIU-

TEJIFHOH amnmapaTyphl WIN TYJI 3IeKTPOCETH — IPUMEPHI 3TIUTHBHBIX CTAIIMOHAPHBIX IIIyMOB.

OnHUM M3 HEPBBIX YCTPOMCTB IUIS OYMCTKH ayaHO OBUI HIMPOKOIOJOCHBIA reWT. Ilpennomaranock, 4To Imym
THIIIE TTOJIE3HOTO curHaia. Kak TOlNbKO MOITHOCTh CHI'HalIa OITyCKaJlach HM)KE HEKOTOPOTO IOpora, Te|T nepecTaBal
mpomnyckats ero [1]. 3arem cramm HCMONB30BATHCS MHOTOIOJIOCHBIE T€HTHI, CIIOCOOHBIC 3((EKTHBHO MOAABIATH
IIyM B HECKOJIBKHX YaCTOTHBIX IOJIOCAX.

Crenyromum maroM B 3Toit 001acTH cuuTaeTcs: MeTo/] criekTpaibHoro Berautanusi (MCB). Pesynbrar ero pa6o-
ThI CHJIBHO 3aBHCHT OT BbIOOpa OaHKa (PMJIBTPOB M TOYHOCTH OLICHKH CIIEKTpa mojasisieMoro miyma [2]. OauH u3
HenoctaTkoB MCB — T.H. «My3bIKalbHBIN IIyM» — apTe(akT, BOSHUKAIOUIUN BCIEACTBHE TOTO, YTO KOA(PPHUIIUCHTHI
okonHOro mpeoOpazoBanus dypee (Short Time Fourier Transform: STFT) mryma oka3pIBAaIOTCSI CTaTHCTUYCCKH
CITy4alHBIMH, YTO IPUBOAUT K HEPAaBHOMEPHOMY IOJIaBJICHUIO IIIyMa 0 YaCTOTE M BPEMEHHU.

CrnexTporpaMMy CHUTHalIa MOXXHO PacCMaTpPHBATh KaK M300paskeHHE. DTO MO3BONISET alallTUPOBATh AJITOPUTMBI
LIyMOTIO/IABICHHA JUI N300pakeHUH 1moJ 3a1aun ayauo. K mpumepy, HCHONIB30BaHHE METOAA HENIOKAJIBHOTO yC-
penaenust (Non-Local Means) mo3BossieT 3HaUNTEIBHO CHU3UTH CTETIEHb MY3bIKAJIbHOTO IIyMa ITyTEM CTJIQ)KUBAHUS
CHEKTPOIPAMMBI.

B paGore paccmaTpuBaroTCss METO/IbI MOAABICHUS aJINTUBHBIX CTAIIMOHAPHBIX ITYMOB C HCIOJIb30BAaHUEM MHO-
romacmTabHbIX mpeobpaszoBanmii (Multi-Resolution FFT: MR FFT), kotopsie o3Bos0T 3(h(heKTHBHEE MCTIONIB30-
BaTh pa3nuyuHble GUIBTPHI (B T.4. QUIBTPHI yIAIEHHS LIyMa). TO TOCTHraeTcs Onarojaps aJarnTHBHOMY HOAOOPY
yacToTHO-BpeMeHHoro paspemenus STFT ¢ yuerom ocobeHHOCTel curHaia. Takoil Moaxoa OCHOBBIBAaeTCS Ha y4é-
Te JIOKJIbHBIX CBOMCTB CHI'HAJA: OLICHKU CTEIIEHH Pa3MBITHS €r0 CIIEKTPOrPaMMBbI.

2. Meton cniekTpajbHoro Beruntanus (MCB)
MeTon CeKTpaJIbHOTO BEIUUTAHUS YCTPaHACT aIUTHUBHbIE CTallMOHApHBIE IIyMBI [3]. Dtans! pabotst MCB:
1. PasnokeHue curHaia ¢ MOMOIIbI0 OKOHHOTO TpeobpazoBanusi Oypne (STFT), KOMIAKTHO JOKAIU3YIOLIETO
SHEPrUIo CUTHAaJIA.
2. CocraBieHre BBIYUTAEMOI0 «ciernka nryma» (noise footprint) — onenku cnekrpa myma. Crenok myma noiy-
YyaeTcs yCpeIHEHUEM I10 BPEMEHH aMIUTUTY ]l CIIEKTPa, B3ATHIX U3 3apaHee MOJIrOTOBICHHOIO yyacTKa IIyMa, He COo-

K
AepIKalLero MONe3HOro curnana:  FOOTPRINT[ f]= iz NOISE[ f,t], TAe NOISE[f, t] — aMmumTyIHbIH
K=
criekTp 1myma, f — manexc kodppunuenra Oypre, cOOTBETCTBYOMMI YacToTe, t — HoMep Tekymero STFT okHa, K —
KOJIMYECTBO OKOH B YYaCTKE C IIIyMOM.
3. Brvrauranue (B 00001mEHHOM CMBICTIE) aMILTUTYAHOTO CIIEKTpa IIyMa U3 aMILIUTYAHOTO CIIEKTpa CHTHaja:

YLf 1] = max{X[f,t]-k-W[f,1],0}
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3mecy X[f, t] m W[f, t] — aMImuTyaHbIC CIIEKTPHl CHTHANAa W IIyMa COOTBETCTBCHHO, Y[f, t] — aMIUmHATyIHBIH
CHEKTP OYHMIIEHHOTO CUTHANA, a k — koad¢ummenT nogasieHus. Pa3oBbIil CHEKTP OYMIIEHHOTO CUTHANA ITOJIaraeT-
csl paBHBIM (ha30BOMY CHEKTpa 3aIlyMJICHHOTO CUTHAIA.

4. Oo6partnoe npeodpazoBanmne STFT — cuHTe3 pe3yabTHPYIOMIET0 CUTHAA.

D10t MeTo paboTaeT ¢ pukcupoBaHHBIMU pa3MepaMu okoH STFT. Boibinoit pa3mep OKHA MO3BOJISACT JOOUTHCS
XOPOIIETo pa3pelieHus 110 YacToTe, a 3HA4YUT, C HUIM MOXXHO HauboJjiee TOYHO MPOU3BOJMUTH CIIEKTPAILHOE BHIYNTA-
HHe, HE «33a/IeBash» I0 YacTOoTe MoJie3Hblil curHai. Ho yeMm Ooubliie pa3Mep OKHa, TEM Xy)Ke pa3pelleHue 1o BpeMe-
HU, ¥ TEM CWJIbHEC MPOUCXOINUT Pa3MBITHE CIICKTPa TPAH3UEHTOB (PE3KHX BCIUIECKOB DHEPTUH). Takum o0Opazom,
MIPHU HMCIOJIB30BAHUN OOJBINUX PAa3MEPOB OKOH BO3HUKACT 3XO M Pa3MBITHE TPAH3UCHTOB BO BPEMEHU, a NPU HC-
MOJIb30BAaHUU KOPOTKUX — IITYMOIIO/IaBJICHAEC OKa3bIBacTCs HEI((HEKTUBHBIM.

st pereHus 3TUX mpoOIeM MOXHO HCIIONF30BaTh MHOTOMACIITaOHBIC TIPEOOpa3OBaHHUS.

3. MHoromacmtabHble Npeodpa3oBaHus
[Tpn ucnons3zoBaHNK 0aHKOB (HIBTPOB C MOCTOSHHBIM Pa3pellieHHEM HEBO3MOXKHO MOJYYUTH OJHOBPEMEHHO
XopolIee pa3penieHre, Kak 1Mo 4acToTe, Tak ¥ 1Mo BpeMeHd. HeoOxonumMo Ha stane oOpaboTKH JIOKAIBHO BHIOMpATh

HaWITydIIee pa3pelieHne, IOAXOoIee IIs JAHHOTo curHana (puc. 1).
nydlliee paspelleHue

t, Mmc t, mc t, mc t, mc t, mc

‘ 6 ms 12ms 24 ms 48 ms 96 ms Pasmep okHa, MC

»
>

YacToTa, 'y
YpoBeHb, ab

Puc. 1. Pa3mbiTHE CriekTpa U BHIOOp JYHUIIETO pa3pelieHus

BaHky GUIBTPOB € aalTUBHBIM YaCTOTHO-BPEMEHHBIM pa3pellieHneM, B YaCTHOCTH MHOTOMacIITa0HbIe Mpeo0-
pa3oBaHuUs, IOMOTAIOT PENIUTH 3Ty Mpodiemy [4, 5].

B ocnose MR FFT nexar:

o sorancienne STFT, B3STBIX OT 0JHOTO CHrHaja, C Pa3HBIMHU Pa3peleHNsIMH (pa3MepaMu OKHa),
® OIICHKA CTETICHH Pa3pEeKEHHOCTH COOTBETCTBYIOMINX 00JIaCTeH CIEKTpa,
® MUKIIMPOBAHUE CHEKTPOTPAMM C YIETOM HX PA3PEKEHHOCTH.

Bragane BBIONMHCTCS HE3aBUCHMAs JPYT OT Apyra padoTa 3¢dekror ¢ pukcupoBanasiMu pazmMepamu STFT (k
npuMepy, padbota GUIBTPOB IIYMOIIOAaBICHUS, OCHOBaHHBIX HAa MCB).

PesynpTupyromnye crieKTporpaMMbl IIEPEJAatOTCsl B MUKIIEP U Pa30MBAIOTCS IO BPEMEHH M 4acTOTE Ha 00JIacTH
Q). AHanM3aTOP BEIYMCIISET UX CTEIICHHU Pa3MbITHS. UeM BBIIIE CTENEHb Pa3MBITHS, TEM C MEHBIINM BecoM £, OyzieT
CYMMHPOBATHCS B UTOTOBBII CUTHAI.

CreneHp pa3peXKeHHOCTH U Kaxmoi o0mactu (). BEIYUCIACTCA, KaK OTHOIICHHWE CPEIHEr0 apu(pMEeTHIeCKOTo

Moyneit koo duireHToB a; € ;. K UX CpeJHEMY KBaJpaTHYHOMY.

Takum 00pa3om, AJst JJMHHBIX TOHAJIBHBIX cUrHaioB Oyner moxoupathes STFT ¢ HanbospmiuMm paspelrieHnem
1o yactote (OOJbIION pa3Mep OKHa), a JJIsl pE3KUX BCILIECKOB SHEPTUH, IICITYKOB U COOBITHI ¢ OBICTpOW aTakol — ¢
HaMMEHBLINM I10 YaCcTOTE, HO HAMIYYIINM 110 BpeMEHH (MaJIeHBKHI pa3Mep OKHa).

4. CucreMa HIyMonoaaBIeHUs
Ha ocHOBe OImUCaHHOrO aJIropuTMa pa3paboTaHa CUCTEMa IIYMOIOAABICHUS C IIIMPOKAMHU BO3MOYKHOCTSIMH Ha-

CTpoOlKH napameTpoB padotsl. C e€ nomolpko nog00panbl Hanbosiee ONTUMalIbHbIe HACTPOUKH.

Ha npaxTrke ycTaHOBIICHO, YTO BHICOKOE KaueCTBO PE3yJIbTAaTOB JOCTUraeTcsl Mpu 00paboTKe M aHajIM3e Kak
MHHAMYM TpEX crekTporpamm ¢ pasusiMu pazmepamu STFT. Pasmep kaxnoro okHa STFT BeiOupaercs B 1Ba pasa
OoubllIe mpeapIAyIero, HaYnHas ¢ 12 mc.

CnexrporpaMmsbl pa3OMBaIOTCS MO0 BPEMEHHM M YacTOTE Ha HECKOJIBKO MPSMOYTOJIBHBIX obnacteil (.. BakHblii
9Tal — 3TO CoMocTaBneHue (), ¥ UX pa3MepoB HA Pa3HBIX cHeKTporpammax. Kaxknas U3 HUX uMeeT pa3Mep 1o 4acTo-
Te B 1/16 OT KOJIMYECTBA YACTOTHBIX MOJIOC JJIsl KOHKPETHOW CIIEKTPOTPaMMBI U 110 BPEMEHHU W:

. MixFFT MixFFT-CurrentFFT+1
v = (Size-1)- +
CurrentFFT CurrentFFT*InvOverlap |,
v, v>1
w=
1, v<1
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rae MixFFT — pasmep STFT nnst criekTporpaMmsl, B KOTOpylo cymmupyercst pesynsrar, CurrentFFT — pasmep
STFT uccnenyemotii criekrporpammsl, InvOverlap — obpatHas BenmunHa OT cTeneHu nepekpsitus okoH STFT (1/4,
o yMo4aHuio). Bee BenmunHE 3a1atoTcs B BUae oT4eToB (samples). Size — pa3smep obmactu (2, A7 CIEKTPOTpaM-
MBI ¢ MEHUMAaNBHBIM pazmepoM STFT. ITapamerp Size paBHbI 64 oKa3BIBaeTCS HOCTaTOYHBIM JJIsi KOPPEKTHOM pa-
00THI aHATTH3aTOPA.

OTMeTHM, YTO CYMMHUPOBAaHHE NPOU3BOJIUTCS B CIIEKTPOrpaMMy ¢ HaumMeHblIHM pasmepoMm STFT, unaue nepe-
KIII0YEeHHE MEXAy 00JacTAMH OyeT IPOUCXOJUTH HEe JOCTaTOUHO OBICTPO.

Braromapst xony ¢ mepekpsiTeM Ha 1/4 o gacTtoTe U BpeMeHH Bcex (), IPON3BOIUTCS IIABHOE MEPEKITIOYCHHE
IIPY MUKIIAPOBAHUH CIIEKTPOTPAMM.

5. Pe3yabTaThl

JocTurayra BBICOKAasi IMPOW3BOJUTENBHOCTh AITOPUTMA, BO3MOXKHA 0OpabOTKa ayAnmo B pEealbHOM BPEMEHH.
IMomumo Heckonbkux Moaupukauniit MCB, B crucTeMy HHTErpUpOBaH METOJI HEJIOKAIBHOIO YCPEIHEHHsI 13 o0Jiac-
THU IITyMOIIOJABIICHUS I H300pakeHui [6].

W3 tabnuisl 1 BUIHO, YTO HUCIIONIB30BaHHE MHOTOMACIITaOHBIX MTpeoOpa3oBaHid BecbMa 3G PEKTUBHO, U UX pa-
00Ta 1a)ke B COBOKYITHOCTH C ITPOCTHIM METOJIOM CIIEKTPAJILHOTO BBIYMTAHMS OKa3bIBaeTcsi Oojee 4yeM YOBIIETBO-
pHUTENBHOMN: B 00paboTaHHBIX (POHOrpaMMax 3HAYMTENHHO MOBBIIIAETCS CTENEHb YAAICHHS IIyMa 1 He HapyllaeTcs
CTPYKTypa CUTHAJIA.

Ha ocHoBe manHO# cuctembl pa3paboTaH MHTEPHET-CEPBHUC — OOIIENOCTYITHAS CHCTEMA IIyMOIIOJAaBICHUS, OC-
HallleHHasi aBTOMATHYECKIM IOMCKOM cllenka nryma [7].

MeTtopn [TopaBnenue myma KommeHnTapuii

MCB 11 mc 13.10 nb Pa3mep oxna — 11 mc. Henocrarou-

Has CTEIICHb YCTPAHEHUS IIyMa.

MCB 93 mc 13.15 nb Pa3mep okna — 93 mc. [losiBrieHne

9X0.
MCB Ha 0CHOBE MHOTI'OMAcCIITa0HBIX 16.10 o1b OcraéTcst My3bIKaIbHBIN ITyM. 3a-
npeoOpa3oBaHuii MTUCH KaXXETCsI MPUTTYIIEHHOMN.
MeToz HeNOKaJIbHOTO CPEHEro Ha Oc- 16.70 nb MuHuMaIbHOE KOJIMYECTBO apTe-
HOBE MHOTOMAcCIITa0HBIX MPeoOpa3oBa- (hakToB.
HUH

Ta6n1/111a 1. P€3yJ'II)TaTLI TCCTUPOBAHUA CUCTCMbI ITYMOIIOJaBJICHUA

6. 3akr049eHne

B pabote paccMOTpeH METOJ MHOrOMacITabHBIX PeoOpa3oBaHuid, C MOMOIIBIO KOTOPOTO MIPOU3BOAUTCS alarl-
TUBHBIA BbIOOp pasmepa STFT B 3aBUCHMOCTH OT JIOKaJIbHBIX CBOMCTB CHTHala. JTO IOBBIIIACT 3(P(EKTHBHOCTH
(GUIBTPOB NIyMOIIOAABICHUS. B pesynbraTe TeCTHPOBaHHS aJITOPUTMA YCTaHOBJICHBI onTHMaibHble pasMepsl STFT
AQHAIU3UPYEMBIX CIIEKTPOTPAaMM, Pa3Mepbl CYMMHUPYEMbIX o0JiacTeld ¥ MHBIE KIIOYEBBIC TapaMeTpBL.

B kauectBe ampTepHaTuBEl MCB 3azxeticTBoBaH Oosnee 3((EKTHBHBIN METO HEIOKAIGHOTO yCPEIHEHHS, alall-
TUPOBAaHHBIA M3 00JIACTH CrIaKMBaHUs M300pakeHHH. B pesynbrare CHIBHO CHHM3WICS YPOBEHb MY3BIKalIbHOTO
uryma.

Pabora Beimonnena npu noxnaepxkke OLIT «Hayunble 1 HayyHO-TIearoruueckue Kajapbl MHHOBaMOHHO# Poc-
cum» Ha 2009-2013 ronsl.
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A MULTIRESOLUTION SPECTRAL SUBTRACTION ALGORITHM FOR NOISE SUPPRESSION IN
AUDIO SIGNALS
Tkachenko M., Lukin A.

Moscow State University, Faculty of Computational Mathematics and Cybernetics,
Laboratory of Mathematical Methods of Image Processing

Noise is an undesirable signal appearing during transmission or measurement of another clean signal. There are
two categories of noise, by spectral properties: stationary (the one that does not change in time) and non-stationary.

Additive noise is summed with the clean signal y[#] and does not depend on it: x[¢] = y[¢] + noise[t], where ¢ is
time and x[7] is the observed signal. Constant hiss from a microphone or an amplifier, electric hum are the examples
of additive stationary noise.

In this paper, we propose a method for suppression of additive stationary noise using a multiresolution STFT
(short-time Fourier transform). This approach is able to improve quality of many audio processing algorithms (such
as noise reduction) by adaptively varying STFT time-frequency resolution based on local properties of the signal:
estimates of spectrogram sparsity.

The simple method of spectral subtraction (SS) is widely used for reduction of additive stationary noises. It
works with a fixed STFT window size. Long windows provide good frequency resolution and achieve accurate se-
paration of closely spaced noise and signal harmonics. However long windows sizes also lead to poor time resolu-
tion and increase smearing of transients (sharp attacks or fast changes in the signal). On the other hand, short-
window STFT processing is inefficient in terms of frequency resolution and possible depth of noise suppression.

A filter bank with a fixed window size cannot provide good frequency and time resolution simultaneously. It is
required to select best resolution for each local part of the signal during the processing. We propose using a multire-
solution STFT to solve this problem.

The algorithm of MR STFT consists of three parts:

1. Calculation of several copies of the signal processed with different STFT window sizes;

2.  Estimation of smearing (or sparsity) for local spectrogram areas for each resolution;

3. Mixing of the resulting spectrograms based on spectrogram sparsity estimates.

The effect of this adaptive algorithm is selection of high frequency resolution for tonal signals and selection of
high time resolution for transients.

A noise reduction system based on MR STFT has been created. Several modifications of spectral subtraction
rules have been implemented, including a highly effective method of Non-Local Means for smoothing of a “musical
noise” artifact. During algorithm testing we have found optimal range of STFT sizes for the MT STFT frameworks,
sizes of spectrogram mixing areas and other key parameters.

We have compared the performance of a simple spectral subtraction (SS) with several STFT window sizes, SS
based on MR STFT (SS MR STFT), and SS with a Non-Local Means based on MR STFT. It has been shown that
SS MR STFT produces results significantly different with a simple SS: after processing with a simple SS noise
power decreased by 13.00 dB, while with SS MR FFT — by 16.10 dB. The application of a Non-Local Means
smoothing has removed musical noise and further improved overall processing quality.
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Ob OAAHOM CMNMOCOBE YACTOTHOIO AHAJITU3A NEPNOANYECKUX CUTHANOB

Komnokonos A.C.
WuctutyT npobnem ynpasnerus um. B.A . Tpanesnuxkoa PAH, Mocksa

B Hacrosimee Bpemst nnudpoBoil CIEKTPaIbHBINA aHATU3 SBISIETCS BaXKHBIM MHCTPYMEHTOM B IPaKTHKE aHAIN3a
TapMOHUYECKUX, IEPUOTUYECKUX U KBa3UIIEPHOANYECKUX CUTHAIOB. [IpuMepaMu TakuX CUTHAJIOB SIBISIOTCSA MY3bI-
KaJIbHbIE 3BYKH, BOKQJIM30BaHHbBIC ()parMEeHThl PeUH, a TAKXKE Pa3HOTrO Pojia CHUTHAJbI B 3a/la4aX aKyCTUYECKOW M-
AQrHOCTHKH.

Haxoxnenuto criekrpa curaina S(f) udpoBBIME METONAMH IPEAIIECTBYET €ro AUCKPETH3AlHs C YaCTOTON

fs, B pesymbTarte 4ero HENpPEPHIBHBIA CHIHAI MPEACTABISICTCS MOCIEAOBATENBHOCTBI0 IUCKPETHBIX OTCYETOB
s(nAt), rae n— HOMep OTCUETA, IPHHUMAOMKI 3HaYeHust n=...—2,—1,0,1,2,... , At =1/ f;— unrepsan kBan-

TOBaHWs. B 3TOM cilyuae KOMIUIEKCHBIA CIIEKTP OTPE3Ka JIMCKPETHOrO CHrHama §(7), 3a[aHHOTO Ha HHTEpBalle

n=N-1
n=0,1,..., N —1, onpenensiercst BeIpakeHHEM S(m)= Zs(n)w(n)e_z"/’”mfm =a(m)+ jb(m) ,
n=0
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