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PACYHET MEL-KOSOOUIHUEHTOB 3BYKOBOI'O CIIEKTPA
JUIA MOAYJIA NWAEHTUOUKALIMU I'OJIOCOBBIX KOMAH/

VIIPABJIEH1A MOBNJIBHBIM POBOTOM
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2. XapbKoscKull HAYUOHAIbHBIU ABMOMOOUTLHO-O0PONCHBLU YHUBEPCUMEN

B cmamve npuseden pacuem MEL — xencmpanvbhbix
rkoagppuyuenmos (MFCC) onsi cucmemvr pacnosnasanus
20710CO8bIX  KOMAHO —HUBKOUACTNOMHO20 OUANA30HA Ol

ynpasnenus MOOUTLHBIM pobomom. Tlpuseoenvi
cnexmpocpammuvl - komanovl  «CTOIly.  Onucan  memoo
udeHmugpukayuy  KOMAawo  MemoOOM  CPAGHEHUs  C

npumenenuem anzopumma DWT.

Y cmammi  nagedeno  pospaxynox MEL —
KencmpanbHux roegpiyienmiec (MFCC) ona  cucmemu
PO3NI3HABAHHA ~ 20]I0COBUX — KOMAHO — HU3bKOYACMOMHO2O0
dianasony 0711 YNpasninus MooineHuM pobomonm.. Ilpueedeni
cnekmpoepamu  komanou  «CTOIly.  Onucano  memoo
i0denmucpivayii  KOMaAHO ~ MemoOOM  NOpIGHAHHA 13

sacmocyeannsim areopumma DWT.

MEL calculation — the capstral of coefficients (MFCC)
for the voice recognition system commands of low-frequency
range for control of the mobile robot has been given in
article. Spectrograms of the "STOP" team have been
provided. The method of identification commands by method
comparison with application of an algorithm of DWT has
been described.

Knrouesvte cnoea: KencTpanbHBI KO QHUIMEHT,
MOOWJIBHBIH POOOT, TOJIOCOBAs KOMaHIa

[lpu  OecnpoBOTHOM  YNpaBICHHH  MOOMIBHBIM
JOPOKHBIM pO6OTOM B YCJIOBHAX CWIBHBIX pavoONoMEX HJIN
PacToNoKEHHBIX OJIM3KO OT 30HBI YNPABJICHUS BEIIAIONINX
CTaHIIMH B JAMANa30HE pPAJMOYACTOT YIPABICHUS MOXKET
BO3HUKHYTb CUTYAIHsl, KOT/Ia KOMaH/bl YIIPaBJICHUSI HEBEPHO
pacro3HaIOTCsl HABUTALMOHHOM CHCTEMOH, 1, CI€JJ0BaTENIbHO,
JanbHeinee yIpaBJiieHHE poboTom CTaHOBUTCS
HEBO3MOXHBIM. B KauecTBe pemieHus AaHHON NPOOIEMEI
Mpe/JIaraeTcsl HCHOJb30BaTh CHCTEMY YIpaBleHHS (Kak
aBapHuiiHyl0) 3BYKOBBIMM KOMAaHJaMH, B TOM UHCIE U
roJIOCOBBIMH, B Juarna3one yactorT ot 100 mo 3000Tm, c
NPUMEHEHHUEM HAINpaBJICHHOI'0 MUKPOQOHa.

[Tpu Takoii cucTeMe ynpaBiieHHs BO3HUKAeT mpodiiema

pacro3HaBaHus TOJIOCOBBIX KOMaH/i, MOCKOJIbKY
BO3MOXKHOCTh ~ YIPAaBJICHUS JODKHA OBITH Y  JIFOOOTO
OTIepaTopa, HaXOSIIETOCs B 30HE YIPaBJICHHUS.

Host peLeHust 3TOU 3a1a9u npeajiaraercs
WCIIONIB30BaTh ~ CHUCTEMY  DPAacloO3HaBaHHs  roioca  C

BBIZICTICHUEM XapaKTEPHBIX YacTOT AKyCTHYECKOTO CHEKTpa
JUIS KaX10M KOMaH/Ibl.

B cucremax pacmo3HaBaHUS pPEYM  IPUMEHSIOT
pas3IMYHbIE METOABI, HAIPpUMep, paclo3HaBaHUE 10 00pas3ly,
MPUMEHEHNE HEHpPOHHBIX CeTel, FeHeTHYeCKUEe alrOPUTMBI,
BEHBIIET-NIPe00pa30BaHuUs, @ TAKXKE CTATUCTUYECKUIl aHAIM3.
IIpennaraemele Metons! B [4, 15, 19] saBnsrorcs BechbMma
pecypco3arpaTHbIMH. It CHCTEM K€ YHpaBJICHHS POOOTOM
TpeOyercss ObIcTpass 00pabOTKa TIMOCTYMAIONIMX KOMAaH]

36

ynpasienus. [yt TOBBIIIEHUST OBICTPOJCHCTBHS CHUCTEMBI
npeanaraercst  npumeHuTs ~ MEL-npeoOpazosanme  [3].
JlaHHBI MeTOJ HE IIMIIeH HEIOCTaTKOB, HO  SBISIETCS
MIPUEMJIEMBIM B JAHHOM CITy4ae.

Jst Toro 4to0Bl cuctemMa MACHTH(PHUIIMPOBAIA BEPHO
KOMaHJIbl yIIpaBJIeHUs HEOOX0AMMO: Ha (OHE HIYMOBBIX
IIOMEX BBIIEIUTh ['0JIOCOBYIO KOMaHAy W npu nomouu MEL
¢bunbTpanum ee nACHTU(OUIMPOBATS.

Jis  aHanmm3a  JaHHBIX  BOCHOJB3YEMCS  METOJIOM
¢peiiMoB u pazoueHus ciaoB. ONBITHBIM ITYTEM YCTAaHOBIICHO,
YTO ONTHUMajbHas JUIMHA (peiiMa J0JDKHA COOTBETCTBOBATH
mpomexxyTky B 0,01c, a HanoxeHue (periMoB (TIEPEKpPHITHE)
— 1/2 or mmubl ¢peiiva. C y4étom TOTO, 4TO CpEmHsSA
JUTMHA CJIOBa cocTamisier npubnmutensuo 0,4+0,8 ¢, Takoit
mar gaeT npumepHo ot 80 mol60 dpeiimoB (He MeHee) Ha
ciogo [3].

Ecnmm komaHzIa COCTOMT W3 HECKOJIBKHX CJIOB, TO
HEOOXOAMMO BBLICIUTH (pa3lesuTh KakAOe CIOBO) B
MOCTYTIAIOIIEM CHUTHaje yrpasieHus [5]. B Hamem ciydae
nay3amMu MeEXAy ciioBamMu Oyner (oH 30HBI yIpaBieHUs
pobGoToM.

CymiecTByeT HECKOJIBKO  CIOCOO0B  pasjieneHus
cUrHajga Ha otaenbHble cioBa. CormacHo [6, 8] BBIOMpaem
METOJI aHaJIN3a SHTPOITUH, KOTOPas ONpPEAEIseT, KaK CHIBHO
W3MEHSCTCS CHTHAJ YNPaBICHUS B paMKax 3aJaHHOTO
¢dpeiiMa. [Ims pacuera SHTPONMH KOHKPETHOTO (ppeitma
MIPEATON0KNAM, YTO TPHUHATHIM CHUTHANl yNpaBieHUs OynaeT
HOPMHpPOBaH W €ro 3HAUeHWs Jiekar B aumamazone [-1;1],
Tor/1a SHTponHs (ppeiima:

E=Y Pli]-log, (P[] 1)

i=0

Jnst Toro, 4TOOBI OTHENUTH MOJE3HBIH CHIHAT OT
(oHa, HYKHO €ro CpaBHMBATh C PaHEE W3BECTHBIM (DOHOM
100 CHUTHAJIOM, B 3aBHCHUMOCTH OT TOTO, YTO HYXHO
BBICIATE. B HEKOTOPBIX HCTOYHHKAX [6] PEKOMEHAYIOT
OpaTe TMOPOr SHTPONHMM pPAaBHBIM CpPEAHEMY MEXay eé
MaKCHUMaJIbHbIM n MHWHUMAJIbHBIM 3HAYCHUAMU NN
noabuparh 3HaueHue e€ Topora B BUJIE KOHCTAHTHI,
XapaKTepHOU JUTst JaHHOTO oHa. B ciydae yeTkol KOMaHIbI
orepaTopa mnpoOJieMbl JaHHOTO TMOAXOAd, HW3J0KEHHBIE B
[9, 12, 14, 17], OyznyT CBEJCHBI K MUHUMYMY.

Pa3nmenuB curHan Ha OTHENbHBIC (QPEHMBI, MOTYINM
Ha00p (PpefiMOB, COOTBETCTBYIOIMINX OIPEICIICHHBIM CIIOBaM
(xomanmIaM).

Jnst pacrio3HaBaHUS KOMaH BOCIIOJIB3YyEMCSI METOZIOM
MFCC (MEL-frequency cepstral coefficients) [10].

[lycts dpeiim curaanza nMeeT BUA BEKTopa
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k] o<k<N )
rne N — pasmep dpeiima (256 nim 512, Ho He Oosee
1024).
Tenepp MONYy4MM CIEKTP CHTHajla C IIOMOIIBIO
JcKpeTHoro npeobpazosanust ypre[13] (em. puc. 1, 2):

N-1
X[k] = Zx[n]- e ™Y 0<k<N (3)
n=0

Frequency (kHz)
Powerfrequency (dBiHz)

300

250
Time (ms)

100 150 200

Puc. 1. Cnextp ronocosoii komanael «CTOID»
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Puc. 2. ®a3oBblii cniextp rojgocosoit komanasl «CTOID»

Janee mpumMeHMM OKOHHYIO (DyHKIHMIO, Harpumep,
Xommunra[ 1 1](Bun okoHHOW (YHKIMM BBIOMpAeTCs MCXOJs
n3  GOpMBI CUTHaja), YTOOBI TPOW3BECTH  ONEPALUIO
cMyduHra (CriaKMBaHusl) 3HAYSHUs Ha rpaHuLaX GppeiMoB.
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PesynbraT npumMeHeHNs OKOHHOH (DyHKIIMH XeMMUHTa
MpUBEJIEH Ha puc.3.

5 o Hemming Filter
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Puc. 3. Curnai nocie npuMeHeHHs] OKOHHOH (yHKIHH XeMMHUHTa

Hanee  nepeligem MEL
koa(unmeHTos.
[Ipeobpa3yem gacrory curnara B MEL-mkany gyactoT

1o ciexyrouei hopmyse:

K BBIYHCJICHHUIO

M =1127-In(1+ £ /700) (6)

Pasmep ¢peiima 512 371eMEHTOB M HW3BECTHO, YTO
yacToTa 3Byka B JgaHHOM (peiime 25000 I'm.  Jlos
MIOMEXOYCTOWYNBOCTH NPHEMHHKA CHTHAlA YHPaBISIOIINE
KOMAaH/IBI, 110 BO3MOXXHOCTH, OyAyT BBIOpaHBI B JHaIa3oHe
gacror or 200 mo 3000 TIm. KommuectBo MEL-
koa(ddunmentos, nomoxkuM M = 24, Kak PEKOMEHIYIOT B
[2,7], HO cnmenmyeT yd4ecTb, UYTO C YBEIMYCHHEM YHCIIA
k03¢ ureHToB Bo3pacTaeT U BpeMs: 00pabOTKH.

Paznoxxum nomyuennsiit cnektp no MEL-mkane, uto
NPUBECT K MOJIYUYCHUIO Habopa QHIbTPOB.

[IpeoOpazyem wactoTHbId auanazon 200 — 3000 I’
coracHo (6) B MEL-4acToTy, 4TO COOTBETCTBYET IUAMA30HY
(283,23 — 1876,46 TI'm). lnst moctpoecHus 24 (uibTpoB
notpedyercst 26 onopHbIX Touek (Tadim. 1).

[IponenaB obparHoe mpeoOpazoBaHME, MPU TTOMOIIN
¢hopmyusl (2):

H|k|=0.54—-0.46-cos(2mk /(N —1 4
[ ] ( ( )) “ f=700_(eM/1127_1) 7)

Toraa pe3ynbraToM OyIeT BEKTOP BUA:

MOJy4YrM HaOOp vacToT (Tadi. 2).
X[k]= X[k]- H[k],0<k<N 5)
Tabmuma 1

j ! j 1 j 1 Ji 1 i ! j !
) f;me ) f;me i f;me f;me i f;me i f;me
128323 6 601,88 11 | 920,52 16 | 1239,17 21 1557,81 26 | 1876,46
2 | 346,96 7 665,60 12 | 984,25 17 | 1302,90 22 1621,54
3 | 410,69 8 729,33 13 1047,98 18 | 1366,63 23 1685,27
4 | 474,42 9 793,06 14 | 1111,71 19 | 143035 24 1749,00
5| 538,15 10 | 856,79 15 | 1175,44 20 | 1494,08 25 1812,73
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Tabimma 2
i I i I i I i I i A i 1)
1 200 6 494,07 11 884,24 16 1401,90 21 2088,71 26 3000
2 252,35 7 563,54 12 976,41 17 1524,18 22 2250,94
3 307,76 8 637,05 13 1073,94 18 1653,58 23 2422,62
4 366,39 9 714,83 14 1177,14 19 1790,50 24 260428
5 428,43 10 797,14 15 1286,34 20 1935,39 25 2796,51
Tabimma 3
i S() i () i () i () i fi i fi
1 4 6 10 11 18 16 28 21 42 6
2 5 7 11 12 20 17 31 22 46
3 6 8 13 13 22 18 33 23 49
4 7 9 14 14 24 19 36 24 53
5 8 10 16 15 26 20 39 25 57

Teneps noctpoum dyuxuuto £ ( f r) (puc. 4).
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Puc. 4. 3aBucumocts MEL 4acTOTBI OT 4aCTOTHI CUTHAIA

Janee HaJOXKHUM TIOMYYEHHYIO IIKAJIy Ha CICKTp
(hpeiima:

fe WMJ ®)

£,
v v r
rie fi— pasmep dpeiima, pasubiit 512, f;" — snauenue
i- ot (i=1,2,..24) gacToTHI MOCIIe 0OPATHOTO MPEOOPA3OBAHUS
no ¢opmyne (7); F, — MakcuMangbHas dacToTa B

aHATM3UpyeMoM crekTpe, B HameMm ciaydae 25000 I'n
(BbIOpaHa HCXOAS M3 aKyCTHYECKOrO IMamna3oHa B 30HE

YIpaBICHUS).
B pesynprarte momyunm Habop 3HaYeHUH F; (TabI. 3)
3Has  OHOpHBIE  TOYKH  CIEKTpa,  IOCTPOMM

HEOOXOIUMBIE (PIITBTPHI TIO CIEAYIOMEH popmyIte:

0 k<f(m_1)
k—f(m—l)) flm=1)<k<f(m)

f(m+1)- f(m) f(m)<k< f(m+1)
0 k> f(m+1)
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[Ipumenenne QuapTpa 3aKiIOYaeTCs B IONAPHOM
MEPEMHOKEHUH €ro 3HA4YeHWH CO 3HAYEeHWSIMU CIIEKTpA.
PesynbraTtom 9TOM onepaunu spisiercs mel-koaddunneHt.

T.x. uucnmo ¢unbTpoB paBHO M, TO, CIEIOBATEIBHO,
KO3 PUIHIEeHTOB TOXKEe M.
N-1 )
s[m]:h{zp([k] -Hm[k],OSm<M] (10)
k=0

Croutb yuectb, uro MEL -QUaABTpBI NIPUMEHSIOT HE K
3HAYEHMsIM CHEKTPA, a K ero sHeprud. [IpuHATO cuurate, 4To

TaK CHIDKACTCS YyBCTBHUTEIBHOCTh KOX(P(UIMEHTOB K
nrymam [ 18].

HuckperHoe KocuHycHOe TmpeobOpasoBanue (DCT)
WUCTOJNB3yeTcs  uii  TOro, 49toObl  momyunte MEL-

K03 uuueHTb (CM. pHC. 5), T.c. MOBBICUTH 3HAYMMOCTH
MEPBBIX  KOIPPUIMEHTOB W  YMEHBIIUTH  3HAYMMOCTH
nocieanux. B 1aHHOM cilydae MpUMEHUM:

Cli1= S[m]-cos(mi(m + 0.5)/ M ).0<1<h (1)

m=0

MEL - coefficient

Puc. 5. MEL- ko3¢ ¢unmeHTs

B wrore mis xaxxmoro ¢petiMa moryanm Habop w3 M
MFCC-koadpunpeHToB, KOTOPBIH OyneT HCIOJIb30BaH s
aNbHEHIIETo aHalIn3a.

IMockonmbKy 3afada 3aKi0daeTcss B PACHO3HABAHUH
CJIOBa M3 HEKOTOPOro Habopa (MOXeT ObITh, B TOM YHUCIEC, U
roJiocoBbIM (POHOM Ha ()OHE MOMEX OKpYXKalolleH Cpe/bl-



30HBI yIMpaBJICHUs pPoOOTOM), TO Jajee IOCTaBHUM B
COOTBETCTBHEC  KaxaoMmMy cioBy L  HabopoB mfcc-
KO3 (HUITHEHTOB COOTBETCTBYIOIINX 3aMHUCeH. 210

cooTBeTcTBHE 0003HaumM kak «CSC» (compliance set
coefficients). Teneps 3amaua cBomUTCSl K MOAOOPY Hamboee
«ommskort» CSC  mis  Hekoroporo Habopa MFCC-
KO3 GUIHUEeHTOB  (pacmo3HaBacMOro  ClioBa).  3agada
pelaeTcs B ABa HTamna:

—mis kaxaon CSC HaxoauM cpeiHee pacCTOSHUE
MEXAy HIACHTH(GUIMpYeMbIM mMfCC-BEKTOPOM M BEKTOpaMH
CSC;

—B KadecTBe BepHO# BuIOMpaem Ty CSC, cpennee
paccTostHre 10 KOTOPOH Oy/IeT HAUMEHBIITHM.

Crnenyer otmeTutsh, 4To Mojens ¢ MFCC-BekropoM —
nocsieioBarenibHocTe MFCC-cyOBeKTOpOB pazmepHOCTH M,
MOJYYCHHBIX H3 (peiiMOB. T.c. B KayeCTBC 3HAYCHHU
paccTosHUK JIOJDKHBI  MICTIONB30BaTh PACCTOSHHUS  MEXIY
MFCC-cy6BekTopamu ¢peiiMoB. T.K. OTHO M TOXE CIIOBO
MOKET TPOU3HOCHUTCS Pa3HbIMH OIEpaTopaMu, pa3Mep
MFCC-BekTopa At OJHOTO W TOTO K€ CJIOBa MOXET OBITH
pasHblif, HO »Ta mpobiiema pemraercs npu nomomu DTW
(Dynamic Time Warping) anropurma [16]. OH paccuuThIBacT
ONTUMAJIBHYIO nedopmanuio BpPEMEHHU MEXITy
CpaBHHMBAaCMbIMH BPEMEHHBIMH TIOCIIEI0BATEILHOCTIMH [1].

BoiBoabI
[omyuennprit  wHabop  MEL  3mavenmit (24
koo dunmenta) TO3BOISIET  3aMEHHTH  HCIMOJIb30BaHUE

0O0JIBIIION0 MacCHBa OTCYCTOB CHUTHAJIA WJIM CIICKTpa CHUTHAJA,
YTO 3HAYUTENIHHO COKpAIlaeT BpeMmsi 00pabOTKH KOMaH
MOJIYyNeM WACHTH(PHUKAINA MOOWIBHOTO podoTa, W TEeM
CaMbIM TMOBBIIIACT OBICTPOACUCTBHE CHCTEMBI «OIEPATOP-
pobot». Takke CHWKCHHE BPEMEHH pEaKIUH JaHHOU
CHCTEMbI ~ CBSI3aHO €  MOBBIIIEHHEM  3(D(EKTUBHOCTH
MPUMEHCHUST TOJOCOBBIX KOMAaHI B YCIOBHUSX CHJIbHBIX
paauonoMex MpH yIpPaBICHUH POOOTOM.
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