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sametyvelo bgerebis optikuri gamosaxulebebiT  

amocnobis avtomaturi sistema 

oTar natroSvili, Temur berianiZe 
saqarTvelos teqnikuri universiteti 

reziume 

warmodgenil statiaSi SemuSavebulia sametyvelo bgeriTi saxeebis amocnobis 

ierarqiuli struqtura maTi Sesabamisi optikuri gamosaxulebebis adeqvatur optikur 

etalonur gamosaxulebebTan avtomaturi Sedarebis gziT. mocemulia amocnobis procedurebis 

warmodgena grafebis daxmarebiT.  

sakvanZo sityvebi: sametyvelo bgerebi. amomcnobi sistema. optikuri gamosaxulebebi.  

1. Sesavali 

sametyvelo bgerebis, ise rogorc nebismieri sxva akustikuri signalebis optikuri 
gamosaxulebebiT amocnobis meTodologiis SemuSavebisas upirveles yovlisa ismeba kiTxva: 

saWiroa Tu ara sametyvelo bgerebis avtomaturad gamomcnobi mowyobilobis (sistemis, 
kompleqsis) agebisas mivyveT akustikuri signalebis smeniTi aRqmis modelebs?, Tu isini unda 
damuSavdnen damoukideblad, auvliT ra gverds bionikas? sakiTxi bionikis rolis Sesaxeb, e.i. 

im codnis Sesaxeb, romelic ZiriTadad swavlobs aRqmis biologiur meqanizms da biologiuri 
monacemebidan axali ideebis gadmoRebas, Tanamedrove mecnierebaSi kvlav burusiTaa moculi 
(miTumetes am ideebis praqtikul gamoyenebaze jer-jerobiT laparakic ki naadrevia). sakiTxis 

sirTulidan gamomdinare am kuTxiT jer kidev bevri ram gaugebari da Seuswavlelia. 
imisaTvis, rom bionikam SeZlos daexmaros inJiner-praqtikosebs sametyvelo bgerebis 
obieqturi gamocnobis meTodebis SemuSavebisas, saWiroa smeniTi aRqmis biologiuri meqanizmis 

Semdgomi Seswavla. praqtikos-inJinrebi fizologebTan erTad fonemebis amocnobis mizniT 
awydebian mraval siZneleebs. aseTi siZneleebis gadalaxva mniSvnelovan wilad SesaZlebeli 
gaxdeba Tu ki Tanamedrove teqnikiT (upirveles yovlisa kompiuterebis gamoyenebiT) 

realizebuli iqneba sametyvelo bgerebis avtomaturi gamocnobis meTodebi da saSualebebi 
ufro farTo masStabebiT, vidre es amJamad SeiniSneba (da ar Semoifargleba mxolod 
ramodenime sityvis krebuliT). 

am situaciidan gamosvla albaT SeiZleba Tu bgerebs gadavaqcevT xilul obieqtebad 
(Cvens SemTxvevaSi optikur gamosaxulebebad) da gamoviyenebT gamosaxulebis amocnobis 
meTodebs, romlebic dRes-dReobiT ufro daxvewilia, vidre sakuTriv bgerebis (fonemebis) 

amocnobis meTodebi. yovelive amaSi did imedebs iZleva Tanamedrove kompiuteruli teqnika da 
misi gafarToebuli funqcionaluri SesaZleblobebi. kompiuteruli teqnikis ganviTarebam 
xiluli gamosaxulebebis urTierT SedarebiT Sesabamisi fonemebis amocnobis saqmeSi  

SeiZleba dagvayenos am miznis miRwevis umokles gzaze. praqtika amas nawilobriv adasturebs 
kidec. aqve kvlav SevniSnoT, rom sametyvelo bgerebis avtomaturi gamocnobis sferoSi 
mravali warmateba miiRweva ara bionikis rekomendaciebis wyalobiT, aramed inJinrebis mier 

teqnikis sferoSi iseTi cnobili saSualebebis gamoyenebiT, romlebic naklebadaa (anda 
srulebiT araa) SeRweuli fizologiisa da fsiqologiis sakiTxebSi. piriqiT, SeimCneva, 
tendecia, rom sametyvelo bgerebis gamocnobis teqnika amJamad ufro viTardeba sufTa 

teqnikuri kuTxiT, e.i. sainJinero mimarTulebiT (gamocnobis procesSi fiziologiisa 
fsiqologiuri momentebis gamoyenebis gareSe). aRniSnul midgomas anviTarebs warmodgenili 
statiis kvlevis Tematikac _ bgeriTi saxeebis optikuri gamosaxulebebiT gamocnobis 

meTodologiis srulyofa da maTi realizaciis teqnikuri saSualebebis SemuSaveba.  
warmodgenil statiaSi yuradReba gamaxvilebulia swored zemoT naxsenebi kuTxiT. 

kerZod, gamokvleulia optikuri gamosaxulebebiT bgerebis teqnikuri saSualebebiT 

gamocnobis zogadi meTodologiuri sqema. 
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am mizniT aRniSnul statiaSi SemuSavebuli da ganxilulia optikuri gamosaxulebebiT 

sametyvelo bgerebis avtomaturi amomcnobi mowyobilobis agebis blok-sqema, damuSavebulia 
bgeriTi fonemebis avtomaturi amocnobis ierarqiuli midgoma, naCvenebia optikuri 
gamosaxulebebiT bgeriTi saxeebis amocnobis procedurebis warmarTvis magaliTi grafebis 

daxmarebiT. 
2. ZiriTadi nawili 

bgeriTi saxeebis (fonemebis) avtomaturi gardaqmna da maTi amocnoba teqnikuri 

saSualebebiT, metad aqtualuria Tanamedrove mecnierebisa da teqnikis, maT Soris marTvis 
avtomatizebuli sistemebis mravali amocanis gadasawyvetad. es amocanebi pirvel rigSi 
dakavSirebulia teqnikuri mowyobilobebiT (uirveles yovlisa kompiuteruli teqnikis 

daxmarebiT) sinTezuri metyvelebis meTodebisa da saSualebebis gamoyenebasTan, teqnikuri 
xmauriT mowyobilobebis, dazga-danadgarebis, energetikuli agregatebis da a.S. 
muSaunarianobis diagnostikisaTvis. teqnikur amocanaTa efeqturi gadawyveta metad 

problematuria, agreTve adamianis salaparako eniT kompiuterTan urTierTobisaTvisac. 
 amisaTvis  ki saWiroa bgerebis (rogorc sametyvelo, aseve teqnikuri bgerebis) gardaqmnis 
axali, ufro efeqturi meTodebisa da saSualebebis damuSaveba, rac Tavis mxriv moiTxovs 

aRniSnul sakiTxebTan dakavSirebuli problemebis Rrma da safuZvliani gamokvlevebis 
Catarebas. 

warmodgenil statiaSi SemoTavazebuli axali midgomis _ fonemebis (akustikuri, maT 

Soris sametyvelo bgerebis) Sesabamisi optikuri gamosaxulebebiT gamocnobis kuTxiT 
SeiZleba gamovkveTod gamocnobis urTierTdakavSirebuli Semdegi ori meTodologiuri sqema: 

1. meTodologiuri sqema amosacnobi fonemis fizikuri warmodgenis TvalsazrisiT; 

2. meTodologiri sqema amocnobis procesis warmarTvis teqnikuri realizaciis 
TvalsazrisiT. 

fizikuri warmodgenis TvalsazrisiT fonemebis optikuri gamosaxulebebis nebismieri 

simbolika adeqvaturad unda Seesabamebodes akustikuri saxis (fonemis) aRweras da am 
kuTxiT didi roli miekuTvneba saTanado sizustis amsaxveli (warmomdgeni) teqnikuri 
mowyobilobebis Seqmnas. 

amocnobis procesis teqnikuri realizaciis TvalsazrisiT fonemebis optikuri 
gamosaxulebebiT amocnobisaTvis saWiroa: bgera-mimRebi (magaliTad, mikrofoni 
gamaZlierebelTan erTad); fonemebis eqstraqtori (xelsawyo, romlis daxmarebiT SesaZlebeli 

gaxdeba fonemebis dinamiuri gamoyofa (amofesva) metyvelebis bgeriTi Tanamimdevrobidan); 
dinamiuri analizatori monacemebis (amjerad ukve fonemebis Sesabamisi optikuri 
gamosaxulebebis) kompiuterSi Sesatanad da bolos, gamomTvleli manqana (personaluri 

kompiuteri an sakmarisi simZlavris meinfreimi etalonTan msgavsebis Sesaxeb saboloo 
gadawyvetilebis gamosatanad) [1-3]. 

optikur gamosaxulebebad bgerebis gardaqmnis Semdeg amomcnobi mowyobilobis 

sxvadasxva rgolSi farTod da efeqturad unda iqnes gamoyenebuli optikur saxeTa 
etalonur gamosaxulebebTan Sedarebisa da  amocnobis Tanamedrove meTodebi da am meTodebis 
sarealizaciod gankuTvnili gamoTvliTi teqnikis amJamad arsebuli aparaturul-programuli 

saSualebebi. 
optikuri gamosaxulebebiT bgeriTi saxeebis amomcnobi mowyobilobebis (sistemebis, 

kompleqsebis) zogadi blok-sqema, romelic dafuZnebulia zemoT formulirebul 

meTodologiur midgomebze, naCvenebia  nax.1-ze. 
1-el naxazze gamosaxul mowyobilobebSi gamocnobis meTodis specifikidan gamomdinare, 

saWiroebisdamixedviT SeiZleba Setanili iqnes damatebiTi blokebic (maT Soris 

specdaniSnulebis  funqcionaluri kvanZebic), romlebic am sqemas miscems ufro rTul, 
ierarqiul saxes. damatebiT kvanZebs miekuTvneba pirvel rigSi lingvistikuri informaciisa 
da lingvistikuri niSnebis makoreqtirebeli blokebi.  

analizatorebis blokSi Semavali winaswari analizatoris (I) ZiriTadi daniSnulebaa 
gaarkvios gamosacnobi saxeebi warmoadgenen Tu ara sametyvelo bgerebs an manqanis xmaurs; 
Sualeduri analizatori (II) aanalizebs ZiriTadad analizatorisaken gasagzavn informaciaSi 
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lingvisturi niSnebis gamoyenebis saWiroebas, xolo mesame ZiriTad analizatorSi (III) 

swarmoebs ZiriTadi operaciebi mimdinare gamosacnobi bgerebis Sesabamisi (adeqvaturi) 
optikuri gamosaxulebebis etalonur gamosaxulebebTan Sesadareblad da gamocnobis (an 
argamocnobis) Sesaxeb gadawyvetilebebis misaRebad. xSirad III _ analizatori da kompiuteri 

SeiZleba ganxiluli iqnen erT mTlian funqcionalur blokad. 

 

nax.1. optikuri gamosaxulebebiT bgerebis gamomcnobi mowyobilobis blok-sqema 

 

ganvixiloT fonemebis gamocnobis ierarqiuli sqema, romelic mocemulia me-2 naxazze. am 
sqemis mixedviT SeiZleba avRniSnoT optikuri gamosaxulebebiT maTi (sametyvelo bgeriTi 
saxeebis, anu fonemebis) gamocnobis Semdegi ierarqiuli procedura: Sesasvlelze miewodeba 
amosacnobi )(tf  signali raRac droiTi TanamimdevrobiT. pirvel doneze warmoebs gadasvla 

ufro martiv a1- aRweraze. realizaciebs, romlebic miRebuli iqneba am dros, SeiZleba 

hqondes sonogramebis xasiaTi, saidanac SeiZleba amoirCes (amoifesvos) raime elementebi _ 
segmentebi. amgvarad )(tf  signalis gadamuSavebis Sedegad miiReba segmentebis krebuli. 

gamocnoba pirvel  ierarqiul safexurze Semoifargleba mxolod segmentebis klasifikaciiT. 
amasTan TiToeul safexurze napovn unda iqnas aseve am operaciis saimedoobis sidideebi. 

meore ierarqiulma safexurma unda gamoitanos daskvna signalis wyaros xasiaTTan 
mimarTebiT, an Tu es SesaZlebelia, amave safexurze ganisazRvros amosacnobi saxe. am 
safexurze gadamwyveti funqciebis rolSi SeiZleba iyos gamosaxulebis sxvadasxva 

segmentebis albaTobebis ganawilebaTa povnis algoriTmi. am safexurze, gadawyvetilebis 
Sedarebis gziT etalonur ganawilebasTan, klasifikatori saSualebas iZleva gakeTdes 
daskvna signalis wyaros ama Tu im saxeze mikuTvnebis Sesaxeb. aseve warmoebs amave safexurze 

gakeTebuli daskvnebis saimedoobis Sefaseba. momdevno droiT etapebze realizdeba danarCeni 
safexurebi, sanam ar miiRweva etalonTan saboloo msgavseba maqsimaluri saimedoobiT, ris 
Semdegac gamosasvlelze gaicema dasturis signali amosacnobi fonemis etalonTan msgavsobis 
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(an aramsgavsobis) Sesaxeb. amgvarad, vinaidan wyaros TiTeuli tipisaTvis arsebobs reJimebis 

sxvadasxva saxe, romlebic SeiZleba miekuTvnos aseve sxvadasxva klasebs, SeiZleba saWiro 
gaxdes Semdegi _ amocnobis momdevno safexuri, sadac ufro zustdeba saxeTa klasifikacia 
maTi konkretuli niSnebis mixedviT. Tumca dabrkolebas warmoadgens is, rom SesaZloa 

variantebis ricxvi warmoiqmnas  Zalze maRali, amitom SeiZleba  dagvWirdes ierarqiis sxva, 
ufro maRali safexurebic, sadac TandaTan dakonkretdeba amosacnob saxeTa damaxaseTebeli 
niSnebi. amgvarad, SeiZleba gavyveT ufro da ufro albaTur variantebs sxvadasxva 

SezRudvebis gamoyenebiT da bolo safexurze dadgindeba saboloo detaluri sqema, romlis 
mixedviTac gamoitaneba obieqturi gadawyvetileba saxeTa gamocnobis Sesaxeb riskis 
minimaluri mniSvnelobiT. 

 
rTul modelebSi CairTveba specialuri mowyobilobebi (e.w. `supervaizerebi”, romelTa 

daxmarebiTac SesaZlebeli gaxdeba warimarTos gadawyvetilebis miRebis procesis marTva 

TiToeul ierarqiul safexurze.  

Teoriuli kuTxiT SesaZlebelia vaCvenoT akustikuri signalebis etalonuri 

gamosaxulebebiT gamocnobis procedurebis warmarTvis geometriuli interpretacia. 

amocnobis amocana mdgomareobs yvela etalonebidan amosacnob gamosaxulebasTan (X-Tan) 

Sedarebis gziT ufro axlo mdgomi etalonis (e.i.  Sesabamisi (adeqvaturi) optikuri 

etalonuri gamosaxulebis) moZebnaSi da mis povnaSi. amisaTvis saWiroa SevarCioT xerxi, 

romlis mixedviTac unda avagoT etalonuri simravle da garkveuli wesiT warvmarToT Zebnis 

ganStoebadi procesi. aseTi procesis grafebiT asaxvis erT-erTi magaliTi naCvenebia me-3 

naxazze. igi dawvrilebiT ganxilulia [2]-Si. 

     gamocnobis kriteriumebi SeiZleba Semowmebuli iqnen analitikurad Semdegi 

gamosaxulebiT: 
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nax.3. optikuri gamosaxulebebiT bgeriTi saxeebis gamocnobis procedurebis  
warmodgena grafebis daxmarebiT 

 

gamosaxuleba (1) gamoxatavs amosacnobi saxis X e  Tanmimdevrobis gansxvavebas etalon-

gamosaxulebasTan Eℓ da amocnobis efeqturobis amocana daiyvaneba am sxvaobis minimumis 
povnaze, e.i. maqsimalur msgavsebamde umoklesi gzis povnaze. 

3. daskvna  

warmodgenili statiis erT-erTi mTavari mizani optikuri gamosaxulebebiT bgeriTi 
saxeebis (fonemebis) avtomaturi amocnobis saerTo meTodologiuri midgomebis damuSavebaa, 

sametyvelo an sxva saxis akustikuri (bgeriTi) signalebis gardaqmnisa da amocnobis 
Sesabamisi teqnikuri mowyobilobebis efeqturi struqturebis Sesaqmnelad. 

sametyvelo akustikuri bgerebis amocnobisas, Sesabamisi optikuri gamosaxulebebiT, 

Zalze mniSvnelovania jer erTi fonemebis adeqvaturi gardaqmna-warmodgena optikuri 
gamosaxulebebiT da meore _ aranakleb mniSvnelovania avtomaturi amocnobisaTvis sistemaSi 
etalonuri optikuri gamosaxulebebis Tanamimdevrobebis efeqturi agebis, e.i. amocnobis 

procesis warmarTvis efeqturi wesis SemuSaveba, romelic SeiZleba moiTxovdes gamosacnobi 
saxisa da etalonebis urTierT Sedarebis procedurebis didi raodenobis Semcvel sivrces. 
isini (etalonuri gamosaxulebebi) SeiZleba winaswar Setanili iqnen kompiuteris 

mexsierebaSi (e.i. etalonur monacemTa bazaSi) da kompiuteris procesoris daxmarebiT 
gaanalizdes amocnobis ama Tu im procesSi rogorc maTi gamoyenebis Tanmimdevroba (jaWvi), 
aseve maTi gamoyenebis  raodenoba da saWiroebis xarisxi. 
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THE AUTOMATIC SYSTEM OF RECOGNITION OF SPEECH SOUNDS   
WITH OPTICAL  IMAGES 
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Georgian  Technical University 

Summary  
A hierarchical structure of recognition of speech sound images by automatic comparison 

of their corresponding optical images with adequate optical reference images is devolved. 

Representation of procedures of recognition by means of counts is given. 
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Резюме 

Pазработана  иерархическая  структура  распознавания  речевых  звуковых  образов  путем  
автоматического  сравнения  их  соответствующих  оптических  изображений  с  адекватными  
оптическими  эталонными  изображениями. Дано  представление  процедур  распознавания  при  
помощи  графов. 

 


