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ÓÄÊ 534.4+004.93ÏÀ�ÀÌÅÒ�Û, ÕÀ�ÀÊÒÅ�ÈÇÓÞÙÈÅ ËÎÊÀËÜÍÛÅÔ�À�ÌÅÍÒÛ �Å×ÅÂÛÕ ÔÀÉËÎÂ�.�. Íèãìàòóëëèí, Å.Ë. ÑòîëîâÀííîòàöèÿÏðåäëîæåíû ïàðàìåòðû è ñïîñîáû èõ îöåíêè äëÿ îïèñàíèÿ ó÷àñòêîâ çâóêîâîãî �àéëà,ñîîòâåòñòâóþùèõ îòäåëüíûì ñëîãàì. Äëÿ ñëîãîâ, íà÷èíàþùèõñÿ ñî âçðûâíîé ñîãëàñíîé,óêàçàí ìåòîä îäíîçíà÷íîé ëîêàëèçàöèè ¾âñïûøêè¿. Äëÿ îïèñàíèÿ ó÷àñòêà îãëàñîâêèïðåäëîæåí ñïîñîá îöåíêè ìãíîâåííîé ÷àñòîòû, íå òðåáóþùèé ïðèìåíåíèÿ ïðåîáðàçîâà-íèÿ �èëüáåðòà. Ïîêàçàíî, ÷òî ðàñïðåäåëåíèå ìãíîâåííûõ ÷àñòîò â ðå÷åâîì �àéëå ìîæåòñëóæèòü îäíèì èç ïàðàìåòðîâ äëÿ èäåíòè�èêàöèè äèêòîðà.Êëþ÷åâûå ñëîâà: âçðûâíûå ñîãëàñíûå, ëîêàëèçàöèÿ âñïûøêè, àïïðîêñèìàöèÿìãíîâåííîé ÷àñòîòû, ðàñïðåäåëåíèå ìãíîâåííûõ ÷àñòîò, èäåíòè�èêàöèÿ äèêòîðà.ÂâåäåíèåÂ íàñòîÿùåå âðåìÿ â ñâÿçè ñ ïîÿâëåíèåì â ñâîáîäíîì äîñòóïå áîëüøîãî êîëè-÷åñòâà ðå÷åâûõ �àéëîâ âîçíèêëà çàäà÷à àâòîìàòè÷åñêîãî îïðåäåëåíèÿ ÿçûêà, èñ-ïîëüçîâàííîãî ïðè ñîçäàíèè êîíêðåòíîãî �àéëà. Ïðåäïîëàãàåòñÿ, ÷òî �àéë çàäàí âîäíîì èç ñòàíäàðòíûõ öè�ðîâûõ �îðìàòîâ. Òðåáóåòñÿ îïðåäåëèòü ÿçûê èç çàäàí-íîãî ñïèñêà, èñïîëüçîâàííûé äëÿ çàïèñè ðå÷è. �åøåíèå äîñòèãàåòñÿ ïóòåì âûáîðàïàðàìåòðîâ, èçìåðÿåìûõ ïî äàííîìó �àéëó, è ñïîñîáà èõ îöåíêè. Â ïîñëåäíååâðåìÿ áûë ïðåäëîæåí ðÿä ïîäõîäîâ äëÿ ðåøåíèÿ óêàçàííîé çàäà÷è. Ñàìûé ïðî-ñòîé ìåòîä ïðåäïîëàãàåò ïîäñ÷åò îòäåëüíûõ ñòàòèñòèê ïî îòðåçêàì ðå÷åâîãî �àéëà�èêñèðîâàííîé äëèíû. Ñòàíäàðòíàÿ ïðîöåäóðà íà îñíîâå ìåòîäà ãëàâíûõ êîìïî-íåíòîâ ïðèìåíÿåòñÿ äëÿ îïèñàíèÿ óêàçàííûõ îòðåçêîâ [1℄. Â [2℄ äëÿ èäåíòè�èêàöèèÿçûêà èñïîëüçîâàí òîò æå ïîäõîä, íî íà ïîñëåäíåì øàãå êëàññè�èêàöèÿ îñóùåñòâ-ëÿëàñü ñ ïîìîùüþ ìåòîäà îïîðíûõ âåêòîðîâ. Óêàçàííûé ïîäõîä ïîçâîëÿåò ïðîâå-ñòè êëàññè�èêàöèþ çàäàííîãî ÷èñëà çâóêîâûõ �àéëîâ, íî íå îáúÿñíÿåò ïðèðîäóîñîáåííîñòåé òîãî èëè èíîãî ÿçûêà. Áîëåå ïåðñïåêòèâíûìè ïðåäñòàâëÿþòñÿ ïîäõî-äû, êîãäà àíàëèçèðóþòñÿ îñîáåííîñòè �îíåì, ïðèñóòñòâóþùèõ â çâóêîâîì �àéëå[3℄, èñïîëüçóþòñÿ ñïåêòðàëüíûå ñâîéñòâ ñèãíàëà è ïðîâîäèòñÿ äàëüíåéøàÿ êëàñ-ñè�èêàöèÿ ñ ïîìîùüþ GMM (Gaussian Mixture Model) [4℄. Îòäåëüíî ñòîèò ìåòîäèäåíòè�èêàöèè ÿçûêà íà îñíîâå âèçóàëüíîé èí�îðìàöèè � àíàëèçà äâèæåíèÿ ãóáãîâîðÿùåãî [5℄. Â íàñòîÿùåé ðàáîòå ïðèíÿò ïîäõîä, ñîãëàñíî êîòîðîìó èññëåäóþòñÿ�îíåìû ñïåöèàëüíîãî âèäà � ñëîãè, íà÷èíàþùèåñÿ ñ ãëóõèõ âçðûâíûõ ñîãëàñíûõ(ï, ê, ò), çà êîòîðûìè ñëåäóåò ãëàñíàÿ. �àññìîòðèì òèïè÷íóþ îöè�ðîâêó �ðàãìåí-òà çâóêîâîãî �àéëà, îòíîñÿùåãîñÿ ê �îíåìå `ka'. Ôðàãìåíò ïðåäñòàâëåí íà ðèñ. 1.Îí ñîñòîèò èç ñëåäóþùèõ òðåõ ÷àñòåé.1. Ó÷àñòîê, âîçíèêøèé â ðåçóëüòàòå áûñòðîãî ðàñêðûòèÿ ñâÿçîê, êîòîðûéïðè ïðîñëóøèâàíèè âîñïðèíèìàåòñÿ êàê ðåçêîå èçìåíåíèå èíòåíñèâíîñòè ñèãíàëà.Ýòîò ó÷àñòîê ïðèíÿòî íàçûâàòü âñïûøêîé. Íà ðèñ. 1 îí âûäåëåí ñòðåëêàìè.2. Øóì, êîòîðûé ðàñïîëîæåí ìåæäó âñïûøêîé è íà÷àëîì îãëàñîâêè.3. Îãëàñîâêà ïîñëåäóþùåé ãëàñíîé. 100
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�èñ. 1. Ïîëîæåíèå ¾âñïûøåê¿ â �îíåìå `ka'Â [6℄ ïîêàçàíî, êàê ìîæíî îïèñàòü �îðìó ñèãíàëà, îòâå÷àþùåãî âñïûøêå. Òàìæå óñòàíîâëåíî, ÷òî �îðìà âñïûøêè ìîæåò ñëóæèòü ïðèçíàêîì, ñ ïîìîùüþ êî-òîðîãî îñóùåñòâëÿåòñÿ èäåíòè�èêàöèÿ äèêòîðà èç íåáîëüøîãî ñïèñêà, çàäàííîãîçàðàíåå. Èçâåñòíî [7℄, ÷òî äëÿ òþðêñêèõ ÿçûêîâ õàðàêòåðíî óêîðî÷åííîå ðàññòîÿ-íèå ìåæäó âñïûøêîé, îòâå÷àþùåé ñîãëàñíîé, è íà÷àëîì ïîñëåäóþùåé îãëàñîâêè,ïîýòîìó èçìåðåíèå äàííîãî ïàðàìåòðà ÿâëÿåòñÿ âàæíûì øàãîì íà ïóòè îïðåäåëå-íèÿ ÿçûêà.Îïðåäåëåíèå íà÷àëà îãëàñîâêè îêàçàëîñü íåïðîñòîé çàäà÷åé. Îáû÷íî ýòî äåëà-åòñÿ îïåðàòîðîì ïóòåì ïðîñëóøèâàíèÿ ñîîòâåòñòâóþùåãî �ðàãìåíòà. Â [8℄ ïðåä-ëîæåí àëãîðèòì äëÿ îïðåäåëåíèÿ íà÷àëà îãëàñîâêè, îñíîâàííûé íà êëàñòåðèçàöèèêîý��èöèåíòîâ Ôóðüå. 1. Ëîêàëèçàöèÿ âñïûøêèÏðè ïðàêòè÷åñêèõ èçìåðåíèÿõ íóæíî èìåòü îáúåêòèâíûé ñïîñîá ëîêàëèçàöèèâñïûøêè, íå çàâèñÿùèé îò îïåðàòîðà. Çàäà÷à óñëîæíÿåòñÿ òåì, ÷òî îáû÷íî ñèãíàëèìååò ñëîæíóþ �îðìó. ×àñòî äëÿ ýòîé öåëè ïðåäëàãàåòñÿ èñïîëüçîâàòü ïîëîæå-íèå ìàêñèìóìà. Êàê ñëåäóåò èç ðèñ. 1, ýòèõ ïîëîæåíèé ìîæåò áûòü íåñêîëüêî.Â ñòàòüå ïðåäëàãàåòñÿ ìåòîä äëÿ îäíîçíà÷íîãî îïðåäåëåíèÿ ïîçèöèé âñïûøêè, íåçàâèñÿùèé îò �îðìû ñèãíàëà. Â îñíîâå ïðåäëàãàåìîãî ïîäõîäà ëåæèò ñëåäóþùàÿïðîñòàÿÒåîðåìà 1. Ïóñòü äàíû äâå íåîòðèöàòåëüíûå ÷åòíûå �óíêöèè f1(x),
x ∈ [−b, b] è f2(x), x ∈ [−a, a], a ≤ b, f2 îãðàíè÷åíà, f1 äâàæäû íåïðåðûâíîäè��åðåíöèðóåìà è âûïóêëà, òî åñòü f ′′

1
(x) < 0. Òîãäà �óíêöèÿ

F (p) =

a
∫

−a

f1(x + p)f2(x) dx (1)èìååò ëîêàëüíûé ìàêñèìóì ïðè p = 0.Äîêàçàòåëüñòâî. Â ñèëó ÷åòíîñòè �óíêöèè f1 èìååò ìåñòî ðàâåíñòâî
f ′

1
(−x) = −f ′

1
(x). Â îêðåñòíîñòè p = 0 ïîëó÷àåì

f1(x + p) = f1(x) + pf ′

1(x) + p2f ′′

1 (x)/2 + p3O(1),
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F (p) =

a
∫

−a

(f1(x)f2(x) + pf ′

1(x)f2(x) + p2
f ′′

1 (x)

2
f2(x)) dx + p3O(1). (2)Â ñèëó ñäåëàííûõ ïðåäïîëîæåíèé �óíêöèÿ f ′

1f2 ÿâëÿåòñÿ íå÷åòíîé, ïîýòîìó âòî-ðîå ñëàãàåìîå â (2) ïîä çíàêîì èíòåãðàëà îáðàùàåòñÿ â 0, òðåòüå ñëàãàåìîå ïðè
p 6= 0 áóäåò îòðèöàòåëüíûì.Òåîðåìà 1 ïðèìåíÿåòñÿ äëÿ ëîêàëèçàöèè âñïûøêè â çâóêîâîì �àéëå ñëåäóþ-ùèì îáðàçîì.1. Âûäåëÿåòñÿ èíòåðâàë [−b, b], âíóòðè êîòîðîãî íàõîäèòñÿ âñïûøêà, è ñèãíàëâíóòðè èíòåðâàëà ñ÷èòàåòñÿ çàäàííûì ñ ïîìîùüþ �óíêöèè f2 .2. Âñå îòðèöàòåëüíûå çíà÷åíèÿ �óíêöèè çàìåíÿþòñÿ íóëÿìè.3. Âûáèðàåòñÿ �óíêöèÿ f1 è íàõîäÿòñÿ ïîëîæåíèÿ ëîêàëüíûõ ìàêñèìóìîâ�óíêöèè (1).Íàéäåííûå ïîëîæåíèÿ ìàêñèìóìîâ áóäóò îäíèìè è òåìè æå äëÿ ëþáîé �óíê-öèè f1 , óäîâëåòâîðÿþùåé óñëîâèÿì òåîðåìû 1. Ïðîñòåéøåé èç íèõ ÿâëÿåòñÿ �óíê-öèÿ, îïðåäåëåííàÿ ðàâåíñòâîì f1(x) = −x2 + b2 íà èíòåðâàëå [−a, a] è ðàâíàÿíóëþ âíå ýòîãî èíòåðâàëà. Èìåííî ñ ýòîé �óíêöèåé ïðîèçâîäÿòñÿ äàëüíåéøèå âû-÷èñëåíèÿ. Ñ äðóãîé ñòîðîíû, �óíêöèè f2 íà ïðàêòèêå ëèøü ïðèáëèæåííî ìîãóòñ÷èòàòüñÿ ÷åòíûìè. Â ýòîé ñâÿçè âîçíèêàåò âîïðîñ, êàêèì îáðàçîì îòñóòñòâèå ñèì-ìåòðèè âëèÿåò íà ïîëîæåíèå ìàêñèìóìà. Ïðåäñòàâèì �óíêöèþ f2 â âèäå ñóììûñèììåòðè÷íîé è êîñîñèììåòðè÷íîé �óíêöèé

f2(x) = (f2(x) + f2(−x))/2 + (f2(x) − f2(−x))/2 = s(x) + c(x).�àâåíñòâî (2) ñ ó÷åòîì ñèììåòðè÷íîñòè èíòåðâàëà èíòåãðèðîâàíèÿ ïðèíèìàåò�îðìó
F (p) =

a
∫

−a

(−(x + p)2 + b2)f2(x) dx = −

a
∫

−a

((x2 + p2 + b2)s(x) + 2pxc(x)) dx.Óñëîâèå F ′(p) = 0 ïðèâîäèò ê ñîîòíîøåíèþ
p = −

a
∫

−a

xc(x) dx
/

a
∫

−a

s(x) dx. (3)�àâåíñòâî (3) óêàçûâàåò, íà ñêîëüêî áóäåò ñìåùåíî îòíîñèòåëüíî íóëÿ ïîëîæåíèåìàêñèìóìà ïðè íàëè÷èè êîñîñèììåòðè÷åñêîé ñîñòàâëÿþùåé â �óíêöèè f2.Äîêàçàííàÿ òåîðåìà 1 óêàçûâàåò, êàêèì îáðàçîì ìîæíî ëîêàëèçîâàòü ïîëî-æåíèå âñïûøêè â çâóêîâîì �àéëå, êîãäà èìåþò äåëî ñ �óíêöèåé, çàäàííîé äëÿäèñêðåòíûõ çíà÷åíèé àðãóìåíòà. Ñíà÷àëà çàìåíèì âñå çíà÷åíèÿ â �àéëå, íå ïðå-âûøàþùèå íåêîòîðûé ïîðîã (óðîâåíü øóìà), íóëÿìè è îáîçíà÷èì ïîëó÷èâøóþñÿ�óíêöèþ ÷åðåç f2. Çàìåíèì èíòåãðàë â (1) ñóììîé, â ðåçóëüòàòå âû÷èñëåíèå ñâî-äèòñÿ ê ïðèìåíåíèþ FIR-�èëüòðà ñ êîý��èöèåíòàìè, îïðåäåëåííûìè çíà÷åíèÿìè
f1(x) = −x2 + b2 âíóòðè èíòåðâàëà [−a, a], ê çíà÷åíèÿì �óíêöèè f2. Ïàðàìåòða ïîäáèðàåòñÿ òàêèì îáðàçîì, ÷òîáû ïðåäïîëàãàåìàÿ äëèíà èíòåðâàëà âñïûøêèáûëà ìåíüøå 2a . �åçóëüòàò ïðèìåíåíèÿ �èëüòðà ê èññëåäóåìîìó ó÷àñòêó ïðåä-ñòàâëåí íà ðèñ. 2. Çäåñü ÷åòêî âûäåëåíû ïîëîæåíèÿ ëîêàëüíûõ ìàêñèìóìîâ, êîòî-ðûå è îáúÿâëÿþòñÿ ïîçèöèÿìè âñïûøåê.
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�èñ. 2. �åçóëüòàò �èëüòðàöèè ó÷àñòêà �àéëà ñ �îíåìîé `ka'2. Àïïðîêñèìàöèÿ ìãíîâåííîé ÷àñòîòû ñèãíàëàÅùå áîëåå òðóäíîé çàäà÷åé ÿâëÿåòñÿ îïèñàíèå ó÷àñòêà �àéëà, îòíîñÿùåãîñÿê îãëàñîâêå. Êàê ïðàâèëî, äëÿ ýòîé öåëè ïðèìåíÿþò êðàòêîâðåìåííîå ïðåîáðàçî-âàíèå Ôóðüå [4, 8℄. Îäíàêî ïðè îïèñàíèè ïåðåõîäíîãî ïåðèîäà ñ ïîìîùüþ ýòîãîïðåîáðàçîâàíèÿ âîçíèêàþò î÷åâèäíàÿ òðóäíîñòü � ñèãíàë íå áóäåò ñòàöèîíàðíûì,ðåçóëüòàò çàâèñèò îò äëèíû îêíà, ïîýòîìó íàéäåííûå ÷àñòîòû è èõ ìàãíèòóäû íî-ñÿò óñðåäíåííûé õàðàêòåð. Â ýòîé ñâÿçè ïðåäñòàâëÿåò èíòåðåñ ïîäñ÷åò ìãíîâåííûõ÷àñòîò â íåêîòîðûõ òî÷êàõ ñèãíàëà, îòâå÷àþùèõ îãëàñîâêå. Íàïîìíèì îñíîâíûåîïðåäåëåíèÿ, ñâÿçàííûå ñ ïîíÿòèåì ìãíîâåííîé ÷àñòîòû [9℄. Ïóñòü èìååòñÿ ñèãíàë
u(t). Ñòðîèòñÿ êîìïëåêñíûé ñèãíàë z(t) òàêîé, ÷òî åãî ñïåêòð ñîäåðæèò òîëüêî ïî-ëîæèòåëüíûå çíà÷åíèÿ, è u(t) = Re z(t). Ñèãíàë z(t) íàçûâàåòñÿ àíàëèòè÷åñêèì.Äëÿ íåãî ñóùåñòâóåò ïðåäñòàâëåíèå z(t) = r(t) exp(iθ(t)), ãäå r(t) � ìîäóëü z(t),à ïðîèçâîäíàÿ θ′(t) íàçûâàåòñÿ ìãíîâåííîé ÷àñòîòîé ñèãíàëà â ìîìåíò âðåìåíè t.Ìãíîâåííàÿ ÷àñòîòà ÿâëÿåòñÿ âàæíîé õàðàêòåðèñòèêîé ñèãíàëà, îäíàêî âû÷èñëå-íèå z(t) ïðåäïîëàãàåò ïðèìåíåíèå ïðåîáðàçîâàíèÿ �èëüáåðòà ê èñõîäíîìó ñèãíàëó
u(t). Ýòî ïðåîáðàçîâàíèå îïðåäåëÿåòñÿ �îðìóëîé

w(t) =
1

π

∞
∫

−∞

u(x)

t − x
dx, (4)à z(t) = u(t) + iw(t). Â ñëó÷àå �óíêöèè, çàäàííîé äëÿ äèñêðåòíûõ çíà÷åíèé àðãó-ìåíòà, ýòî ïðåîáðàçîâàíèå ðåàëèçîâàíî â âèäå �èëüòðà ñïåöèàëüíîãî âèäà. Ôèëüòðíå ÿâëÿåòñÿ �èçè÷åñêè ðåàëèçóåìûì, ïîñêîëüêó îïðåäåëåíèå çíà÷åíèÿ ñèãíàëà âìîìåíò âðåìåíè t, êàê è â ñëó÷àå (4), ïðåäïîëàãàåò çíàíèå èñõîäíîãî ñèãíàëà âìîìåíòû âðåìåíè, êàê ïðåäøåñòâóþùèå ìîìåíòó t, òàê è ïîñëå ýòîãî ìîìåíòà.Íà ïðàêòèêå ïðè âû÷èñëåíèÿõ èñïîëüçóþò ëèøü çíà÷åíèÿ ñèãíàëà íà íåêîòîðîìèíòåðâàëå, íî ïðè ýòîì ïðåäïîëàãàåòñÿ ñòàöèîíàðíîñòü ñèãíàëà íà ýòîì èíòåðâà-ëå. Ê ñîæàëåíèþ, âðåìÿ îãëàñîâêè íå óäîâëåòâîðÿåò ýòîìó îãðàíè÷åíèþ, ïîýòîìóïîëó÷åííûå ñòàíäàðòíûì îáðàçîì çíà÷åíèÿ òðóäíî èíòåðïðåòèðîâàòü. Â íàñòîÿ-ùåé ðàáîòå îòìå÷åííàÿ ïðîáëåìà ïðåîäîëåâàåòñÿ ïóòåì àïïðîêñèìàöèè èñõîäíîãîñèãíàëà äðóãèì, äëÿ êîòîðîãî èçâåñòåí ÿâíûé âèä ïðåîáðàçîâàíèÿ �èëüáåðòà.Ïðåîáðàçîâàíèå �èëüáåðòà îò ñèãíàëà u(t) = cos(wt) åñòü sin(wt), à ïðåîáðàçî-âàíèå îò u(t) = sin(wt) ðàâíî − cos(wt) [9℄. Ìãíîâåííàÿ ÷àñòîòà ñèãíàëà

x(t) = A cos(wt) + B sin(wt) (5)



104 �.�. ÍÈ�ÌÀÒÓËËÈÍ, Å.Ë. ÑÒÎËÎÂâ ëþáîé òî÷êå ðàâíÿåòñÿ w è íå çàâèñèò îò êîý��èöèåíòîâ A, B . Ïóñòü äàíàäèñêðåòíàÿ âåðñèÿ u[n] íåïðåðûâíîãî èññëåäóåìîãî ñèãíàëà u(t), ïîëó÷åííàÿ ñî-ãëàñíî �îðìóëå u[n] = u(nT ), ãäå T � íåêîòîðûé èíòåðâàë âðåìåíè, f = 1/T.Ïðåäïîëîæèì, ÷òî ñèãíàë u[n] èìååò ïîëîæèòåëüíûé ëîêàëüíûé ìàêñèìóì ïðè
n = n0. Áåç îãðàíè÷åíèÿ îáùíîñòè ìîæåì ïðåäïîëàãàòü, ÷òî n0 = 0 . Ïðèáëèçèìâ îêðåñòíîñòè ýòîé òî÷êè ñèãíàë u(t) ñèãíàëîì âèäà (5). Èìååì

A = u[0], A cos(w/f) + B sin(w/f) = u[1], A cos(w/f) − B sin(w/f) = u[−1].Îòñþäà ñëåäóåò, ÷òî
cos(w/f) =

u[1] + u[−1]

2u[0]
. (6)Èç ñäåëàííûõ ïðåäïîëîæåíèé î ñóùåñòâîâàíèè ëîêàëüíîãî ìàêñèìóìà âûòåêàåò,÷òî ïðàâàÿ ÷àñòü â (6) ìåíüøå 1, è îïðåäåëåíèå ÷àñòîòû ñòàíîâèòñÿ êîððåêòíûì.Ñîãëàñíî (6) îöåíêà ìãíîâåííîé ÷àñòîòû â òî÷êå ëîêàëüíîãî ìàêñèìóìà u[0]çàâèñèò îò òðåõ ïîñëåäîâàòåëüíûõ îòñ÷åòîâ �óíêöèè, íî ñàìè ýòè çíà÷åíèÿ çàâè-ñÿò îò íà÷àëà îòñ÷åòà. Ïîêàæåì, ÷òî â ñëó÷àå, êîãäà �óíêöèÿ u(t) èìååò âèä (5),ðåçóëüòàò, ïîäñ÷èòàííûé ïî �îðìóëå (6), îò íà÷àëà îòñ÷åòà íå çàâèñèò. Äåéñòâè-òåëüíî, ïóñòü

u[0] = A1 cos(wn/f) + B1 sin(wn/f),

u[1] = A1 cos(w(n + 1)/f) + B1 sin(w(n + 1)/f),

u[−1] = A1 cos(w(n − 1)/f) + B1 sin(w(n − 1)/f).Íåïîñðåäñòâåííûìè âû÷èñëåíèÿìè ëåãêî óáåäèòüñÿ, ÷òî â ýòîì ñëó÷àå �îðìóëà (6)ïðåâðàùàåòñÿ â òîæäåñòâî.Â ýòîé ñâÿçè èíòåðåñíî ïîñìîòðåòü, êàêèå çíà÷åíèÿ ïîëó÷àþòñÿ â ðåçóëüòàòåïðåäëîæåííîé âû÷èñëèòåëüíîé ïðîöåäóðû äëÿ ñèãíàëà ñ èçâåñòíîé ìãíîâåííîé÷àñòîòîé. Ïðåäïîëîæèì, ÷òî èñõîäíûé ñèãíàë èìååò âèä
u(t) =

∑

k

(Ak cos(wkt) + Bk sin(wkt)). (7)Ïðåîáðàçîâàíèå �èëüáåðòà îò ýòîé �óíêöèè ðàâíî
v(t) =

∑

k

(Ak sin(wkt) − Bk cos(wkt)).Èç îïðåäåëåíèÿ àíàëèòè÷åñêîãî ñèãíàëà ñëåäóåò, ÷òî
tg(θ(t)) =

v(t)

u(t)
.Íàéäåì ìãíîâåííóþ ÷àñòîòó ñèãíàëà

(1 + tg2(θ(t))θ′(t) =
v′(t)u(t) − u′(t)v(t)

u2(t)
.Ïðè t = 0 ìãíîâåííàÿ ÷àñòîòà åñòü

θ′(0) =

(

∑

k

wkAk

)(

∑

k

Ak

)

+
(

∑

k

wkBk

)(

∑

k

Bk

)

(

∑

k

Ak

)2

+
(

∑

k

Bk

)2
. (8)



Ô�À�ÌÅÍÒÛ �Å×ÅÂÛÕ ÔÀÉËÎÂ 105Òàáë. 1Ñðàâíåíèå òî÷íûõ çíà÷åíèé ìãíîâåííîé ÷àñòîòû ñ îöåíêîéÔîðìóëà (8) 3729 3517 3788 36261 3418 3510 3152 3784 3879 3546Ôîðìóëà (9) 3835 3572 3800 3676 3438 3552 3016 4047 3454 3680Ñ äðóãîé ñòîðîíû, ïðèìåíèâ ê ñèãíàëó u(t) �îðìóëó (6), ïîëó÷èì
cos(w/f) =

∑

k

Ak cos(wk/f)

∑

k

Ak

, (9)òî åñòü ïðè ïîëîæèòåëüíûõ êîý��èöèåíòàõ Ak çíà÷åíèå cos(w/f) åñòü âûïóêëàÿêîìáèíàöèÿ êîñèíóñîâ èñõîäíîãî ñèãíàëà. Äëÿ ñðàâíåíèÿ çíà÷åíèé ìãíîâåííûõ ÷à-ñòîò, ïîëó÷åííûõ ñîãëàñíî (8) è âû÷èñëåííûõ ïî �îðìóëå (9), ñëó÷àéíûì îáðàçîìâîñåìü ðàç ïîðîæäàëèñü êîý��èöèåíòû Ak, Bk , à ÷àñòîòû wk òàêæå âûáèðàëèñüñëó÷àéíûì îáðàçîì, íî òîëüêî îäèí ðàç. Ñëó÷àéíûé âûáîð êîý��èöèåíòîâ Ak, Bkðàâíîñèëåí îöåíêå ìãíîâåííîé ÷àñòîòû â ðàçíûõ òî÷êàõ. Íèæå ïðèâåäåíû ðåçóëü-òàòû ýêñïåðèìåíòîâ, êîãäà ÷èñëî ñëàãàåìûõ â (7) ðàâíÿëîñü 5, à â (9) ïîëîæåíî
f = 16000.Êàê ñëåäóåò èç òàáë. 1, îáå ñòðîêè ñîäåðæàò ÷èñëà îäíîãî ïîðÿäêà.3. Èäåíòè�èêàöèÿ äèêòîðàñ ïîìîùüþ ðàñïðåäåëåíèÿ ìãíîâåííûõ ÷àñòîòÂ íàñòîÿùåå âðåìÿ ñ÷èòàåòñÿ ðåøåííîé çàäà÷à èäåíòè�èêàöèè äèêòîðà ïî ðå÷å-âîìó ñèãíàëó, åñëè ïðîäîëæèòåëüíîñòü ýòîãî ñèãíàëà ïðåâûøàåò ìèíóòó. Â îñíîâåïðîöåäóðû ëåæèò äîñòàòî÷íî ñëîæíàÿ òåõíèêà, ïðåäëîæåííàÿ â [10℄. Ñ òåõ ïîð ïî-ÿâèëîñü áîëüøîå êîëè÷åñòâî ðàáîò, â êîòîðûõ àëãîðèòì ìîäè�èöèðîâàëñÿ, íî âñåýòè ðàáîòû èñïîëüçîâàëè GMM â êà÷åñòâå îñíîâû. Óòâåðæäàåòñÿ, ÷òî ñ ïîìîùüþýòîãî ìåòîäà äèêòîð èäåíòè�èöèðóåòñÿ ïðàâèëüíî â 95% ñëó÷àåâ, îäíàêî ñàìàïðîöåäóðà èäåíòè�èêàöèè òðåáóåò çíà÷èòåëüíûõ ðåñóðñîâ. Â íàñòîÿùåé ðàáîòå íåðåøàëàñü çàäà÷à èäåíòè�èêàöèè äèêòîðà, íî áûëî îáíàðóæåíî, ÷òî ðàñïðåäåëåíèåìãíîâåííûõ ÷àñòîòû, ïîëó÷åííûõ ñ ïîìîùüþ îïèñàííîé âûøå ïðîöåäóðû, ïîçâî-ëÿåò èäåíòè�èöèðîâàòü äèêòîðà äîñòàòî÷íî òî÷íî. Îöåíêàì äîñòîâåðíîñòè ìåòîäàáóäåò ïîñâÿùåíà ñëåäóþùàÿ ðàáîòà, à ïîêà îãðàíè÷èìñÿ ëèøü îäíèì ïðèìåðîì.Ïðîöåäóðà ñðàâíåíèÿ äâóõ ðå÷åâûõ �àéëîâ ïðîâîäèëàñü ñëåäóþùèì îáðàçîì.1. Îïðåäåëÿëñÿ óðîâåíü øóìà, è âñå ñèãíàëû íèæå âûáðàííîãî óðîâíÿ ïîëàãà-ëèñü ðàâíûì íóëþ. Ïðè âû÷èñëåíèÿõ ïîðîã ïîëàãàëñÿ ðàâíûì 0.3 îò ñòàíäàðòíîãîîòêëîíåíèÿ.2. Â ïðåîáðàçîâàííîì �àéëå âûäåëÿëèñü òî÷êè ëîêàëüíîãî ìàêñèìóìà è â êàæ-äîé èç ýòèõ òî÷åê âû÷èñëÿëàñü ìãíîâåííàÿ ÷àñòîòà ñîãëàñíî (6).3. Ñòðîèëàñü ãèñòîãðàììà ðàñïðåäåëåíèÿ ÷àñòîò, ïîðîæäàþùàÿ âûáîðî÷íóþ�óíêöèþ ðàñïðåäåëåíèÿ.4. �àññòîÿíèå ìåæäó äâóìÿ âûáîðî÷íûìè ðàñïðåäåëåíèÿìè d1, d2 îïðåäåëÿëîñüñîãëàñíî �îðìóëå dist = max(|d1− d2|) (ðàñïðåäåëåíèå Êîëìîãîðîâà �Ñìèðíîâà).Íà ðèñ. 3 ïðåäñòàâëåí ïðèìåð òèïè÷íîé ãèñòîãðàììû. Òàáë. 2, 3, ñîäåðæàùèåðåçóëüòàòû èçìåðåíèÿ ðàññòîÿíèé ìåæäó ðå÷åâûìè �àéëàìè, ñ�îðìèðîâàíû ñëå-äóþùèì îáðàçîì. Âçÿòû äâà ðå÷åâûõ �àéëà îáúåìîì ïî 107 îòñ÷åòîâ êàæäûé,ïðèíàäëåæàùèõ äâóì äèêòîðàì. Ôàéëû çàïèñàíû ñ ÷àñòîòîé 44100 �ö â ñòóäèè.Ôàéë ðàçáèâàëñÿ íà 5 ÷àñòåé, è êàæäàÿ ÷àñòü îáðàáàòûâàëàñü íåçàâèñèìî. Â òàáë. 2ïðèâåäåíû ðàññòîÿíèÿ ìåæäó ÷àñòÿìè, ïðèíàäëåæàùèìè îäíîìó äèêòîðó. ×åðåç
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�èñ. 3. Ïðèìåð ãèñòîãðàììû ðàñïðåäåëåíèÿ ìãíîâåííûé ÷àñòîòÒàáë. 2Ñðàâíåíèå ðàññòîÿíèé ìåæäó ÷àñòÿìè ðå÷åâîãî �àéëà,ïðèíàäëåæàùèõ îäíîìó äèêòîðó
S(x, y)= 0 0.0315 0.0242 0.0206 0.02030.0224 0 0.0234 0.0175 0.01730.0807 0.0788 0 0.0130 0.01190.0187 0.0177 0.0646 0 0.00690.0248 0.0244 0.0811 0.0205 0Òàáë. 3Ñðàâíåíèå ðàññòîÿíèé ìåæäó ÷àñòÿìè ðå÷åâîãî �àéëà,ïðèíàäëåæàùèõ äâóì ðàçíûì äèêòîðàì
T (x, y)= 0.1065 0.1217 0.1146 0.1073 0.11280.1186 0.1319 0.1266 0.1177 0.12380.0943 0.0652 0.0844 0.0755 0.08170.1061 0.1195 0.1142 0.1054 0.11130.1060 0.1214 0.1151 0.1066 0.1121

S(x, y), x < y îáîçíà÷àåòñÿ ðàññòîÿíèå ìåæäó ÷àñòÿìè ñ íîìåðàìè x è y äëÿïåðâîãî äèêòîðà, à S(x, y), x > y àíàëîãè÷íûå çíà÷åíèÿ äëÿ âòîðîãî äèêòîðà.Â òàáë. 3 ÷åðåç T (x, y) îáîçíà÷åíî ðàññòîÿíèå ìåæäó äâóìÿ ÷àñòÿìè ðå÷åâûõ�àéëîâ, ïðèíàäëåæàùèõ ðàçíûì äèêòîðàì. Àíàëèç ïðèâåäåííûõ â òàáë. 2, 3 äàí-íûõ ïîêàçûâàåò, ÷òî ðàññòîÿíèÿ ìåæäó ÷àñòÿìè, ïðèíàäëåæàùèìè îäíîìó äèêòî-ðó ñóùåñòâåííî ìåíüøå ðàññòîÿíèé ìåæäó ÷àñòÿìè ðå÷åâûõ �àéëîâ, ïðèíàäëåæà-ùèì ðàçíûì äèêòîðàì. Äàííîå îáñòîÿòåëüñòâî ïîçâîëÿåò íàäåÿòüñÿ, ÷òî ïðåäëàãà-åìàÿ ïðîöåäóðà ìîæåò áûòü èñïîëüçîâàíà äëÿ èäåíòè�èêàöèè äèêòîðà, ïîñêîëüêóîáúåì òðåáóåìûõ âû÷èñëåíèé îêàçûâàåòñÿ ìèíèìàëüíûì.�àáîòà âûïîëíåíà ïðè �èíàíñîâîé ïîääåðæêå �ÔÔÈ (ïðîåêò � 12-01-97002-ð-ïîâîëæüå-à). SummaryR.R. Nigmatullin, E.L. Stolov. Parameters Desribing Loal Properties of Speeh Reords.We suggest some new parameters for the desription of short fragments of speeh signalsas well as methods for their estimation. We develop a tehnique for the exat loalization



Ô�À�ÌÅÍÒÛ �Å×ÅÂÛÕ ÔÀÉËÎÂ 107of �explosion� in syllables beginning with stop onsonants. A method for the evaluation ofinstantaneous frequeny in the sound part of the syllable is presented. The method does notsuppose the implementation of the Hilbert transform. It is shown that the distribution ofinstantaneous frequenies in a speeh signal an be used for speaker identi�ation.Keywords: stop onsonants, explosion loalization, approximation of instantaneousfrequeny, distribution of instantaneous frequenies, speaker identi�ation.Ëèòåðàòóðà1. Li H., Ma B., Lee C.-H. A vetor spae modeling approah to spoken language identi�-ation // IEEE Audio, Speeh, Language Proess. � 2007. � V. 15, No 1. � P. 271�284.2. Campbell W.M., Campbell J.P., Reynolds D.A., Singer E., Torres-Carrasquillo P.A.Support vetor mahines for speaker and language reognition // Comput. Speeh Lang. �2006. �V. 20, No 2�3. � P. 210�229.3. Sinisalhi S.M., Reed J., Svendsen T., Lee C.-H. Universal attribute haraterization ofspoken languages for automati spoken language reognition // Comput. Speeh Lang. �2013. � V. 27, No 1. � P. 209�227.4. Koolagudi S.G., Rastogi D., Rao K.S. Spoken language identi�ation using spetralfeatures // Commun. Comput. Inform. Si. � 2012. � V. 306. � P. 496�497.5. Newman J.L., Cox S.J. Language identi�ation using visual features // IEEE Audio,Speeh, Language Proess. � 2012. � V. 20, No 7. � P. 1936�1947.6. Íèãìàòóëëèí �.�., Ñòîëîâ Å.Ë. �àçëè÷åíèå äâóõ äèêòîðîâ ïî êîðîòêèì �ðàçàìíåîðòîãîíàëüíûì âåéâëåò ïðåîáðàçîâàíèåì // Èññëåä. ïî ïðèêë. ìàòåì. è èí�îðìà-òèêå. � Êàçàíü: Èçä-âî Êàçàí. óí-òà, 2011. � Âûï. 27. � Ñ. 153�160.7. Diehl R.L., Lotto A.J., Holt L.L. Speeh pereption // Annu. Rev. Psyhol. � 2004. �V. 55. � P. 149�179.8. Íèãìàòóëëèí �.�., Ñòîëîâ Å.Ë. Îïðåäåëåíèå âðåìåíè óñòàíîâëåíèÿ âîêàëèçàöèèâ ñëîãàõ, íà÷èíàþùèõñÿ ñ ãëóõîé ñîãëàñíîé // Âåñòí. Ê�ÒÓ èì. À.Í. Òóïîëåâà. �2011. � � 1. � Ñ. 159�163.9. Ëàéîíñ �. Öè�ðîâàÿ îáðàáîòêà ñèãíàëîâ. � Ì.: Áèíîì, 2006. � 652 ñ.10. Reynolds D.A., Rose R.C. Robust text independent speaker identi�ation using Gaussianmixture speaker models // IEEE Speeh Audio Proess. � 1995. � V. 3, No 1. � P. 72�83.Ïîñòóïèëà â ðåäàêöèþ21.12.12Íèãìàòóëëèí �óñëàí �à�èêîâè÷ � àñïèðàíò êà�åäðû ñèñòåìíîãî àíàëèçà è èí-�îðìàöèîííûõ òåõíîëîãèé, Êàçàíñêèé (Ïðèâîëæñêèé) �åäåðàëüíûé óíèâåðñèòåò, ã. Êà-çàíü, �îññèÿ.E-mail: nigmatullin.ruslan�gmail.omÑòîëîâ Åâãåíèé Ëüâîâè÷ � äîêòîð òåõíè÷åñêèõ íàóê, ïðî�åññîð êà�åäðû ñèñòåì-íîãî àíàëèçà è èí�îðìàöèîííûõ òåõíîëîãèé, Êàçàíñêèé (Ïðèâîëæñêèé) �åäåðàëüíûéóíèâåðñèòåò, ã. Êàçàíü, �îññèÿ.E-mail: ystolov�kpfu.ru


