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Ïðåäëîæåí íàáîð òåñòîâûõ àóäèîñèãíàëîâ äëÿ äåòåêòîðîâ ðå÷è ñ ðàçäåëåíèåì íà ðå÷åâûå è íåðå÷åâûå

ñèãíàëû. Â ðàáîòå ïðîâåäåí àíàëèç òåñòîâûõ ñèãíàëîâ ñ ïîìîùüþ ñëåäóþùèõ èíôîðìàöèîííûõ ïàðàìåò-

ðîâ: êîëè÷åñòâî ïåðåñå÷åíèé ñ íóëåì, ñòàöèîíàðíîñòü ñïåêòðà, çíà÷åíèå êåïñòðàëüíûõ êîýôôèöèåíòîâ.

Â ðàáîòå ïðîâåäåí àíàëèç òåñòîâûõ ñèãíàëîâ â çàâèñèìîñòè îò ñîîòíîøåíèÿ ñèãíàë/øóì.

Ââåäåíèå

Äëÿ ýôôåêòèâíîñòè ðàáîòû äåòåêòîðîâ ðå-
÷è íåîáõîäèìî ïðîâîäèòü ñðàâíèòåëüíûå èñïû-
òàíèÿ. Äëÿ ýòîãî íåîáõîäèìû òåñòîâûå ñèãíàëû
ðå÷åâîãî è íåðå÷åâîãî õàðàêòåðà. Íàáîð òåñòî-
âûõ ñèãíàëîâ äîëæåí ñîäåðæàòü íåáîëüøîå ÷èñ-
ëî àóäèîñèãíàëîâ, êîòîðûå ìîäåëèðóþò ðåàëü-
íûå óñëîâèÿ èñïîëüçîâàíèÿ ïðèáîðà. Ñèãíàëû
äîëæíû áûòü íåáîëüøîé äëèòåëüíîñòè è èìåòü
îäèíàêîâîå êà÷åñòâî çàïèñè.

I. Òåñòîâûå ñèãíàëû

Â ðàáîòå ïðåäëîæåí íàáîð òåñòîâûõ àóäèî-
ñèãíàëîâ ñ ðàçäåëåíèåì íà ðå÷åâûå è íåðå÷å-
âûé ñèãíàëû. Íåðå÷åâûå ñèãíàëû âêëþ÷àþò â ñå-
áÿ çàïèñè òîíàëüíûõ ñèãíàëîâ, âûñîêî÷àñòîòíûé
øóì, ñòóê, õëîïêè, íèçêî÷àñòîòíûé øóì. Àóäèî-
ñèãíàë ìîäåëèðóþùèé òîíàëüíûé ñèãíàë ñîäåð-
æèò îáðàçöû òåñòîâûõ ñèãíàëîâ, êîòîðûå ðàçëè-
÷àþòñÿ ïî àìïëèòóäå (A1=1, A2=0,5, A3=1,5) è
÷àñòîòå (f1=440 Ãö, f2=100 Ãö, f3=850 Ãö). Àì-
ïëèòóäà îòäåëüíûõ îáðàçöîâ ïîñòîÿííà, ÷àñòîòû
òåñòîâûõ ñèãíàëîâ ëåæàò â ñðåäíå÷àñòîòíîé îá-
ëàñòè.

Àóäèîñèãíàë ìîäåëèðóþùèé âûñîêî÷àñòîò-
íûå øóìû ñîäåðæèò çàïèñü çâóêîâ ïèñêà. Âî
âðåìåííîé îáëàñòè ñèãíàë õàðàêòåðèçóåòñÿ êî-
ðîòêîé äëèòåëüíîñòüþ è âûñîêîé àìïëèòóäîé íà
ïðîòÿæåíèè áîëüøåé ÷àñòè âðåìåíè çâó÷àíèÿ.
Â ñïåêòðàëüíîé îáëàñòè ñèãíàë õàðàêòåðèçóåòñÿ
íåáîëüøèì ÷èñëîì âñïëåñêîâ â âûñîêî÷àñòîòíîé
îáëàñòè.

Àóäèîñèãíàë ìîäåëèðóþùèé ñòóê ñîäåðæèò
çàïèñè õëîïêîâ. Âî âðåìåííîé îáëàñòè ñèãíàë õà-
ðàêòåðèçóåòñÿ êîðîòêîé äëèòåëüíîñòüþ, â íà÷à-
ëå çâó÷àíèÿ âûñîêîå çíà÷åíèå àìïëèòóäû, à çà-
òåì èäåò ðåçêîå ñíèæåíèå àìïëèòóäû äî óðîâíÿ
øóìà. Â ñïåêòðàëüíîé îáëàñòè ñèãíàë õàðàêòå-
ðèçóåòñÿ íàëè÷èåì âñïëåñêîâ â îáëàñòè íèçêèõ
÷àñòîò, îñíàâíàÿ ñïåêòðàëüíàÿ ìîùíàñòü ðàñïî-
ëîæåíà â îáëàñòè íèçêèõ ÷àñòîò.

Àóäèîñèãíàë ìîäåëèðóþùèé íèçêî÷àñòîò-
íûé øóì ñîäåðæèò çàïèñü çâóêîâ ëüþùåéñÿ âî-
äû. Âî âðåìåííîé îáëàñòè ñèãíàë õàðàêòåðèçóåò-
ñÿ ðàâíîìåðíîé àìïëèòóäîé íà âñåì ïðîòÿæåíèè

ñî ñëó÷àéíûìè âñïëåñêàìè àìïëèòóäû. Â ñïåê-
òðàëüíîé îáëàñòè ñèãíàë õàðàêòåðèçóåòñÿ ðàâ-
íîìåðíûì ðàñïðåäåëåíèåì ñïåêòðà ïî âñåé ñïåê-
òðàëüíîé ïëîñêîñòè.

Ðå÷åâûå ñèãíàëû âêëþ÷àþò â ñåáÿ çàïèñü
äèêòîðîâ è ðå÷åâîé êîêòåéëü. Çàïèñè äèêòîðîâ
âêëþ÷àþò â ñåáÿ îáðàçöû ìóæñêèõ, æåíñêèõ è
äåòñêèõ ãîëîñîâ. Âî âðåìåííîé îáëàñòè ñèãíà-
ëà âñòðå÷àþòñÿ êâàçèãàðìîíè÷åñêèå ó÷àñòêè ñ
âûñîêîé àìïëèòóäîé, ÷òî ñîîòâåòñòâóåò ãëàñíûì
çâóêîì, øóìîïîäîáíûå ó÷àñòêè ñ ìåíüøåé àì-
ïëèòóäîé, ÷òî ñîîòâåòñòâóåò ñîãëàñíûì çâóêàì.
Â ñïåêòðàëüíîé îáëàñòè ñèãíàë ñîñðåäîòî÷åí â
îáëàñòè íèçêèõ è ñðåäíèõ ÷àñòîò.

II. Àíàëèç òåñòîâûõ ñèãíàëîâ

Äëÿ êàæäîãî òåñòîâîãî ñèãíàëà ïðåäñòàâ-
ëåíû ïàðàìåòðû âî âðåìåííîé è ñïåêòðàëüíîé
îáëàñòè, ïàðàìåòðû êåïñòðàëüíîãî ñïåêòðà. Â
ðàáîòå àíàëèçèðóþòñÿ îñíîâíûå ïàðàìåòðû, èñ-
ïîëüçóåìûå â äåòåêòîðàõ ðå÷è: êîëè÷åñòâî ïåðå-
ñå÷åíèé ñ íóëåì, ñòàöèîíàðíîñòü ñïåêòðà, çíà÷å-
íèå êåïñòðàëüíûõ êîýôôèöèåíòîâ.

Ðàñ÷åòû ïàðàìåòðîâ äëÿ òåñòîâûõ ñèãíà-
ëîâ ïðîèçâîäèëèñü â ïðîãðàììíîì ïðèëîæåíèè
MatLAB. Â êà÷åñòâå òåñòîâûõ ñèãíàëîâ áðàëèñü
àóäèîçàïèñè äëèòåëüíîñòüþ 4-5 ñåêóíä ñ ÷àñòà-
òîé äèñêðåòèçàöèåé 22050 Ãö. Ïàðàìåòðû ðàñ-
ñ÷èòûâàëèñü äëÿ êàäðîâ, êîòîðûå ñîäåðæàò 600
îò÷åòîâ, ÷òî ñîñòàâëÿåò 327 ìñ, à çàòåì ðàñ-
ñ÷èòûâàëèñü ñðåäíèå çíà÷åíèÿ ïàðàìåòðîâ äëÿ
âñåãî ñèãíàëà. Òàêæå íà òåñòîâûå ñèãíàëû áûë
íàëîæåí ¾áåëûé¿ øóì ñ ðàçëè÷íûìè óðîâíÿìè
ñèãíàë/øóì â 20, 15, 10, 6, 0 äÁ. Ìîùíîñòü ñèã-
íàëà îöåíèâàëàñü ñ ïîìîùüþ àâòîêîððåëÿöèîí-
íîé ôóíêöèè. Ñòàöèîíàðíîñòü ñïåêòðà îöåíèâà-
ëàñü äëÿ òðåõ îêòàâíûõ ïîëîñ â äèàïàçîíå îò 88
Ãö äî 704 Ãö. Êåïñòðàëüíûå êîýôôèöèåíòû ðàñ-
ñ÷èòûâàëèñü ñ ïîìîùüþ âñòðîåííîé ôóíêöèè â
MatLAB.

Èíôîðìàöèîííûé ïàðàìåòð êîëè÷åñòâî ïå-
ðåñå÷åíèé ñ íóëåì - õàðàêòåðèñòèêà, êîòîðàÿ ïî-
êàçûâàåò, ñêîëüêî ðàç íà âðåìåííîì èíòåðâàëå
ñèãíàë ïåðåñåêàåò íóëåâîé óðàâåíü. Ñ ó÷åòîì ïà-
ðàìåòðîâ òåñòîâûõ àóäèîñèãíàëîâ, äèàïàçîí çíà-
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÷åíèé êðèòåðèÿ ñèãíàëèçèðóþùèõ î íàëè÷èè ðå-
÷è ðàâåí îò 3 äî 20. Çíà÷åíèÿ èíôîðìàöèîííî-
ãî ïàðàìåòðà ñòàöèîíàðíîñòü ñïåêòðà, ñèãíàëè-
çèðóþùèå î íàëè÷èè ðå÷åâûõ ñèãíàëîâ, íå äîëæ-
íû ðàâíÿòüñÿ 0 è äîëæíû èìåòü øèðîêèé äèàïà-
çîí çíà÷åíèé. Èíôîðìàöèîííûé ïàðàìåòð çíà-
÷åíèå êåïñòðàëüíûõ êîýôôèöèåíòîâ äåòåêòèðó-
åò ðå÷ü ïóòåì îöåíêè êîððåëÿöèîííûõ ñâîéñòâ
êåïñòðàëüíîãî âåêòîðà. Áîëüøîå çíà÷åíèå èí-
ôîðìàöèîííîãî ïàðàìåòðà (áîëüøå 50) ÿâëÿåòñÿ
ïðèçíàêîì íàëè÷èÿ ðå÷åâîãî ñèãíàëà. Çíà÷åíèÿ
èíôîðìàöèîííûõ ïàðàìåòðîâ ïîëó÷åíûå äëÿ òå-
ñòîâûõ àóäèîñèãíàëîâ ïðåäñòàâëåíû â òàáëèöàõ.

III. Ñïèñîê ëèòåðàòóðû

1. Ïàòåíò US � 6,061,647 Voice activity detector.

2. Ïàòåíò US � 5,649,055 Voice activity detector for
speech signals in variable background noise.

3. ×èñòîâè÷ Ë.À., Âåíöîâ À.Â., Ãðàíñòðåì Ì.Ï. è
äð. Ôèçèîëîãèÿ ðå÷è. Âîñïðèÿòèå ðå÷è ÷åëîâåêîì.
Â ñåðèè �Ðóêîâîäñòâî ïî ôèçèîëîãèè�./ Ë., Íàó-
êà, 1976. 388 ñ.

4. Ïàòåíò US � 6,556,967 Voice activity detector.

5. Ïàòåíò US � 7,191,128 Method and system for
distinguishing speech from music in digital audio signal
in real time.

Òàáëèöà 1 � Çíà÷åíèÿ èíôîðìàöèîííûõ ïàðàìåòðîâ äëÿ òåñòîâîãî ñèãíàëà ¾Òîíàëüíûå ñèãíàëû¿
Óðîâåíü ñèãíàë/øóì,
äÁ

×èñëî ïåðåñå÷åíèé ñ íó-
ëåì

Ñòàöèîíàðíîñòü ñïåê-
òðà

Êåïñòðàëüíûå êîýôè-
öèåíòû

Áåç ïîìåõ 10 � 32 1.31 � 131.11 0 � 9
20 5 � 36 6.52 � 123.46 2.01 � 29.21
15 1 � 100 9.18 � 116.69 2.7 � 31.44
10 10 � 154 21.17 � 101.84 4.37 � 27.37
6 40 � 159 24.03 � 99.77 3.85 � 28.92
0 84 � 152 42.12 � 79.62 4.13 � 34.91

Òàáëèöà 2 � Çíà÷åíèÿ èíôîðìàöèîííûõ ïàðàìåòðîâ äëÿ òåñòîâîãî ñèãíàëà ¾Âûñîêî÷àñòîòíûé øóì¿
Óðîâåíü ñèãíàë/øóì,
äÁ

×èñëî ïåðåñå÷åíèé ñ íó-
ëåì

Ñòàöèîíàðíîñòü ñïåê-
òðà

Êåïñòðàëüíûå êîýôè-
öèåíòû

Áåç ïîìåõ 30 - 91 1.8 � 11.5 2 � 16
20 31 � 120 2.92 � 11.07 2.27 � 19.57
15 33 � 120 4.55 � 11.44 2.3 � 21.89
10 30 � 124 6.15 � 13.12 2.67 � 17.32
6 22 � 117 9.11 - 15.73 3.17 � 28.4
0 35 � 118 11.2 � 23.98 3.23 � 21.7

Òàáëèöà 3 � Çíà÷åíèÿ èíôîðìàöèîííûõ ïàðàìåòðîâ äëÿ òåñòîâîãî ñèãíàëà ¾Ñòóê¿
Óðîâåíü ñèãíàë/øóì,
äÁ

×èñëî ïåðåñå÷åíèé ñ íó-
ëåì

Ñòàöèîíàðíîñòü ñïåê-
òðà

Êåïñòðàëüíûå êîýôè-
öèåíòû

Áåç ïîìåõ 11 � 89 6.17 � 77.51 4 � 25
20 11 � 111 6.01 � 76.32 3.32 � 40.02
15 13 � 121 7.94 � 75.06 4.33 � 27.6
10 19 � 123 9.63 � 74.64 4.58 � 30.49
6 27 � 118 9.37 � 71.26 4.35 � 28.07
0 56 � 122 16.24 � 71.27 3.52 � 29.4

Òàáëèöà 4 � Çíà÷åíèÿ èíôîðìàöèîííûõ ïàðàìåòðîâ äëÿ òåñòîâîãî ñèãíàëà ¾Íèçêî÷àñòîòíûé øóì¿
Óðîâåíü ñèãíàë/øóì,
äÁ

×èñëî ïåðåñå÷åíèé ñ íó-
ëåì

Ñòàöèîíàðíîñòü ñïåê-
òðà

Êåïñòðàëüíûå êîýôè-
öèåíòû

Áåç ïîìåõ 45 � 111 0.52 � 0.73 2 � 21
20 68 � 114 0.51 � 0.73 3.63 � 19.26
15 71 � 114 0.52 � 0.75 3.34 � 26.44
10 72 � 108 0.48 � 0.76 3.74 � 27.2
6 85 � 110 0.62 � 0.73 3.6 � 22.42
0 93 � 116 0.57 � 0.92 3.6 � 25.78

Òàáëèöà 5 � Çíà÷åíèÿ èíôîðìàöèîííûõ ïàðàìåòðîâ äëÿ òåñòîâîãî ñèãíàëà ¾Ðå÷ü¿
Óðîâåíü ñèãíàë/øóì,
äÁ

×èñëî ïåðåñå÷åíèé ñ íó-
ëåì

Ñòàöèîíàðíîñòü ñïåê-
òðà

Êåïñòðàëüíûå êîýôè-
öèåíòû

Áåç ïîìåõ 2 � 126 0.85 � 87.03 1 � 52
20 3 � 123 2.08 � 86.31 1.93 � 27.38
15 8 � 134 2.44 � 87.05 2.73 � 33.44
10 8 � 145 3.81 � 86.44 3.52 � 29.75
6 11 � 140 5.68 � 81.01 4.99 � 35.58
0 35 � 144 15.92 � 85.37 4.77 � 31.02
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