
ÇàðåöüêàÄ., ÁàðàíîâÌ., IâàíîâÑ.

112 ISSN 2078�5097. Âiñí. Ëüâiâ. óí-òó. Ñåð. ïðèêë. ìàòåì. òà iíô. 2022. Âèï. 30

ÓÄÊ 004.8

ÀÓÄIÎ-ÀÓÒÅÍÒÈÔIÊÀÖIß ÊÎÐÈÑÒÓÂÀ×À

ÇÀ ÃÎËÎÑÎÌ

Ä.Çàðåöüêà, M.Áàðàíîâ, Ñ. Iâàíîâ

Ëüâiâñüêèé íàöiîíàëüíèé óíiâåðñèòåò iìåíi Iâàíà Ôðàíêà,
âóë. Óíiâåðñèòåñüêà, 1, Ëüâiâ, 79000,

e-mail: dana.zaretska@lnu.edu.ua,
mykola.baranov@lnu.edu.ua, serhii.ivanov@lnu.edu.ua

Ðîçâ'ÿçóâàííÿ çàäà÷ iäåíòèôiêàöi¨ òà àóòåíòèôiêàöi¨ ëþäèíè çà ãîëîñîì îïèðàþòü-
ñÿ íà ñòâîðåííÿ ìåòîäiâ, ùî áàçóþòüñÿ íà çíàõîäæåííi âiäìiííîñòåé ìiæ ìîâöÿìè.
Öi ìåòîäè øèðîêî çàñòîñîâóþòü äëÿ ñòâîðåííÿ ñèñòåì áåçïåêè òà ìåòîäiâ äiàðèçà-
öi¨ (âèäiëåííÿ êiëüêîõ ìîâöiâ ç ¹äèíîãî àóäiîïîòîêó). Ñèñòåìè ðîçïiçíàâàííÿ ìîâöiâ
âèêîðèñòîâóþòü ãîëîñ ëþäèíè ÿê êëþ÷îâèé iíñòðóìåíò äëÿ ïåðåâiðêè îñîáèñòîñòi.

Ðàçîì ç ìåòîäàìè àóäiîàíàëiçó ÷àñòî âèêîðèñòîâóþòü ìîäåëi íà ïiäñòàâi øòó÷íèõ
íåéðîííèõ ìåðåæ. Ìîäåëi, îòðèìóþ÷è iíôîðìàöiþ ç àóäiî-ñèãíàëiâ, íàâ÷àþòüñÿ ¨õ
êëàñèôiêóâàòè, ðîçïiçíàâàòè òà ïî-ðiçíîìó ç íèìè âçà¹ìîäiÿòè, çàëåæíî âiä ñôîðìó-
ëüîâàíî¨ çàäà÷i. Ðîçïiçíàâàííÿ ìîâöÿ ìîæå áóòè êîíòåêñòíî-çàëåæíèì, àáî æ êîí-
òåêñòíî-íåçàëåæíèì. Âiä âèãëÿäó ñôîðìóëüîâàíî¨ çàäà÷i çàëåæèòü ñïåöèôiêà àëãî-
ðèòìó òà îñîáëèâîñòi éîãî ðîçðîáêè. Ó ðîáîòi ç êîíòåêñòíî-çàëåæíèì ðîçïiçíàâàííÿì
âiä êîðèñòóâà÷à âèìàãà¹òüñÿ ïîâòîðåííÿ îäíi¹¨ ôðàçè, òîäi ÿê êîíòåêñòíî-íåçàëåæíå
ðîçïiçíàâàííÿ íå ïîòðåáó¹ ïîâòîðåííÿ ôiêñîâàíîãî òåêñòó, ¹ çðó÷íiøèì äëÿ êîðèñòó-
âà÷à, àëå ñêëàäíiøèì ó ðîçðîáöi. Ïîäàíî àëãîðèòì êîíòåêñòíî-íåçàëåæíîãî ðîçïiçíà-
âàííÿ, ùî ñêëàäà¹òüñÿ ç äâîõ îñíîâíèõ ÷àñòèí. Ïåðøîþ ¹ îïðàöþâàííÿ òà ôiëüòðàöiÿ
âõiäíîãî àóäiîïîòîêó, à äðóãîþ � òðåíóâàííÿ Siamese neural network. Îñíîâíèìè
ìàòåìàòè÷íèìè ïiäõîäàìè, ÿêi âèêîðèñòîâóâàëè äëÿ ðîçðîáêè àëãîðèòìó, áóëè øâèä-
êå ïåðåòâîðåííÿ Ôóð'¹ ÿê ÷àñòèíà ïîíÿòòÿ ñïåêòðà, ìåë-ñïåêòðîãðàìà, ÿêîþ âiçóàëiçó-
¹òüñÿ ðîçïîäië ÷àñòîò, òà triplet loss ÿê âàæëèâà ñêëàäîâà Siamese neural network.
Äàíi äëÿ òðåíóâàííÿ ìîäåëi ïîäàâàëè ó âèãëÿäi ìåë-ñïåêòðîãðàì òà áóëè çãåíåðîâà-
íi ç âõiäíîãî àóäiîïîòîêó â ïåðøié ÷àñòèíi àëãîðèòìó. Çàïðîïîíîâàíà ìîäåëü áóëà
íàòðåíîâàíà íà äàòàñåòi Speaker Recognition Audio Dataset �f61aed-e ç òî÷íiñòþ ðîçïiç-
íàâàííÿ 97,9%.

Êëþ÷îâi ñëîâà: àóäiîàíàëiç, íåéðîííi ìåðåæi.

1. Çàäà÷à àóäiî-àóòåíòèôiêàöi¨ ìîâöÿ

Çàñòîñóâàííÿ ìåòîäiâ àóäiîàíàëiçó ¹ âèðiøåííÿì áàãàòüîõ çàäà÷, � äåòåêöiÿ
ñèãíàëiâ, ïîäié, ðîçïiçíàâàííÿ ìóçèêè ÷è ìîâè, ñåíòèìåíòàëüíèé àíàëiç, ãåíåðàöiÿ
çâóêiâ. Ìåòîäè àóäiîàíàëiçó òàêîæ âiäíàéøëè ñâî¹ ìiñöå â ãàëóçi áiîëîãi¨ (áiîàêóñ-
òèêà, îêåàíîãðàôiÿ).

Äîñëiäæåííÿ, ÿêi ñòîñóâàëèñÿ çàäà÷i ðîçïiçíàâàííÿ ãîëîñó, âïåðøå áóëè ïðîâåäå-
íi ó 1937 ðîöi Ôðàí÷åñîþ Ìàêãi. Â 1942 â ëàáîðàòîðii¨ Áåëëà âiäêðèëè ïîíÿòòÿ
ñïåêòðîãðàìè, çàñòîñóâàííÿ ÿêî¨ ¹ äóæå øèðîêèì ó çàäà÷àõ àóäiîàíàëiçó. Ïåðøi
ñïðîáè ñòâîðåííÿ ñèñòåìè ðîçïiâàííÿ ìîâöÿ, âèêîðèñòàííÿì êîðåëÿöi¨ äâîõ öèôðî-
âèõ ñïåêòðîãðàì áóëè ïðîâåäåíi ùå ó 1960 Ïðóçíàñüêèì, òàêîæ ó ëàáîðàòîði¨ Áåëëà.
Ó 1970 êîìïàíiÿ Texas Instrument systems ñòâîðèëà ïåðøó àâòîìàòèçîâàíó ñèñòåìó
âåðèôiêàöi¨ ìîâöÿ, âèêîðèñòîâóþ÷è öèôðîâi ôiëüòðè äëÿ ñïåêòðàëüíîãî àíàëiçó.
1980 òà 1990 õàðàêòåðèçóþòüñÿ çíà÷íèì ïðîãðåñîì â öié äiëÿíöi, áàãàòî ñó÷àñíèõ
ñèñòåì ðîçïiçíàâàííÿ áàçóþòüñÿ íà ìåòîäàõ, ùî áóëè âèíàéäåíi â òîé ïðîìiæîê
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÷àñó (òàêèìè ¹ ïðèõîâàíà ìàðêîâñüêà ìîäåëü, êåïñòðóì, N -ãðàìà). Òàêîæ ó 1980
âiäáóëèñÿ âäîñêîíàëåíi ñïðîáè çàñòîñóâàííÿ øòó÷íèõ íåéðîííèõ ìåðåæ äëÿ çàäà÷
ðîçïiçíàâàííÿ ñèãíàëiâ. Ïåðøå ïðåäñòàâëåííÿ íåéðîííèõ ìåðåæ âiäáóëîñü ùå ó
1950, ïðîòå ÷åðåç òðóäíîùi ïðàêòè÷íî¨ iìïëåìåíòàöi¨ ñâî¹¨ ïîïóëÿðíîñòi â öüîìó
äîìåíi âîíè íàáóëè çíà÷íî ïiçíiøå [1].

Çàäà÷i ðîçïiçíàâàííÿ ìîâöÿ ïîäiëÿþòüñÿ íà äâi ãðóïè:

� êîíòåêñòíî-çàëåæíi (text-dependent methods);

� êîíòåêñòíî-íåçàëåæíi (text-independent methods).

Êîíòåêñòíî-çàëåæíi õàðàêòåðèçóþòüñÿ òèì, ùî òåêñò àáî æ ôðàçà, ÿêó ïðîìîâ-
ëÿ¹ ëþäèíà, îäíàêîâà äëÿ âñiõ ìîâöiâ. Ðîçâ'ÿçóâàííÿ òàêèõ çàäà÷ äåùî ïðîñòiøå.
Êîíòåêñòíî-íåçàëåæíi ìåòîäè íå ïåðåäáà÷àþòü íà÷èòêó îäíàêîâîãî òåêñòó òà ìàþòü
ïðàöþâàòè íåçàëåæíî âiä òîãî, ùî êàæå ìîâåöü [2].

Ñó÷àñíi àëãîðèìòè ãîëîñîâî¨ áiîìåòði¨ ÷àñòî áàçóþòüñÿ íà âèêîðèñòàííi ìåë-
÷àñòîòíèõ êåïñòðàëüíèõ êîåôiöi¹íòiâ, äèíàìi÷íî¨ òðàíñôîðìàöi¨ ÷àñîâî¨ øêàëè,
ïðèõîâàíî¨ ìàðêîâñüêî¨ ìîäåëi. Àëãîðèòì, ÿêèé âèêîðèñòàëè ìè, áåðå çà îñíîâó
âèêîðèñòàííÿ çîáðàæåíü ìåë-ñïåêòðîãðàì ÿê ãîëîñîâèõ îçíàê i íåéðîííó ìîäåëü-
êëàñèôiêàòîð äëÿ ðîçïiçíàâàííÿ.

2. Íàáið äàíèõ, ÿêèé âèêîðèñòîâóâàëè

Äëÿ äîñëiäæåííÿ âèêîðèñòàíî íàáið äàíèõ Speaker Recognition Audio Dataset
�f61aed-e, ïðåäñòàâëåíèé íà ïëàòôîðìi äëÿ çìàãàíü ç àíàëiòèêè òà ïåðåäáà÷óâàëü-
íîãî ìîäåëþâàííÿ Kaggle ó 2018. Äàíi ñêëàäàþòüñÿ ç 50-òè àóäiîäîðiæîê, êîæíà
ç ÿêèõ ìiñòèòü çàïèñ ãîëîñó îäíi¹¨ ëþäèíè òðèâàëiñòþ 60 õâèëèí. Òåêñò, ÿêèé
ïðîìîâëÿ¹òüñÿ, ¹ óíiêàëüíèì äëÿ êîæíîãî ìîâöÿ, òîìó äëÿ òàêèõ äàíèõ çàäà÷à
ïîëÿãàòèìå ó êîíòåêñòíî-íåçàëåæíîìó ðîçïiçíàâàííi. Çãîäîì äâi àóäiîäîðiæêè
áóëè âèäàëåíi ç íàáîðó ÷åðåç íàÿâíiñòü ñïîòâîðþâàëüíèõ øóìiâ òà iíøèõ ãîëîñiâ ó
çàïèñàõ.

3. Îïðàöþâàííÿ äàíèõ

Äëÿ òðåíóâàííÿ íåéðîííî¨ ìåðåæi äàíi áóëè îïðàöüîâàíi. Íàä êîæíèì àóäiîçàïè-
ñîì âiäáóâñÿ ïðîöåñ âèäàëåííÿ òèøi. Âèðiçàëèñÿ òi ÷àñîâi ïðîìiæêè, â ÿêèõ
ìàêñèìàëüíà ãó÷íiñòü íå ïåðåâèùóâàëà 15 äÁ.

Îòðèìàíi äàíi áóëî ïîäiëåíî íà ðàìêè òðèâàëiñòþ 4 ñåêóíäè êîæíà. Òðåíóâàëüíi
äàíi ìiñòèëè 8-15 ðàìîê íà êîæíîãî ìîâöÿ. Ó âàëiäàöiéíèõ äàíèõ òàêèõ ðàìîê áóëî
5-8. Òåñòîâi äàíi ìiñòèëè ïî òðè ðàìêè íà êîæíó ëþäèíó. Äàíi ïîâíiñòþ óíiêàëüíi
äëÿ òðåíóâàëüíîãî, âàëiäàöiéíîãî òà òåñòîâîãî íàáîðó äàíèõ, íå ïîâòîðþþòüñÿ â
îäíîìó ÷è ðiçíèõ íàáîðàõ.

Äëÿ îïèñó ïåðåòâîðåíü, ÿêi çàñòîñîâóâàëè íàä äàíèìè, âàðòî âèçíà÷èòè ïîíÿò-
òÿ ñïåêòðà. Àóäiîñèãíàë ñêëàäà¹òüñÿ ç êiëüêîõ îäíî÷àñòîòíèõ çâóêîâèõ õâèëü.
Ïåðåòâîðåííÿ Ôóð'¹ äà¹ çìîãó ðîçêëàñòè ñèãíàë íà îêðåìi ÷àñòîòè òà àìïëiòóäè
öèõ ÷àñòîò. Iíøèìè ñëîâàìè, ïåðåòâîðþ¹ ñèãíàë ç ÷àñîâîãî âèìiðó â ÷àñòîòíèé.
Ðåçóëüòàò òàêîãî ïåðåòâîðåííÿ íàçèâà¹òüñÿ ñïåêòðîì. Íà ïðàêòèöi äëÿ öüîãî
âèêîðèñòîâóþòü øâèäêå ïåðåòâîðåííÿ Ôóð'¹, ÿêå ¹ øâèäêîþ âåðñi¹þ äèñêðåòíîãî
ïåðåòâîðåííÿ Ôóð'¹ [4].

Ôîðìóëà äèñêðåòíîãî ïåðåâòîðåííÿ Ôóð'¹ ïîäàíà íèæ÷å
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Ak =

N−1∑
n=0

e−i 2π
N knan, (1)

äå an � ñèãíàë, ç ÿêîãî ïîòðiáíî çíàéòè ñïåêòð. Äàíi êîæíî¨ ðàìêè áóëè âiäîáðàæåíi
ó âèãëÿäi ìåë-ñïåêòðîãðàìè.

Çâè÷àéíà ñïåêòðîãðàìà ¹ âiäîáðàæåííÿì ñïåêòðà ÷àñòîò ó ÷àñi, äåìîíñòðó¹
çàëåæíiñòü ìiæ ñèëîþ ñïåêòðóìó òà ÷àñîì. Íåþ ìîæíà âiäîáðàçèòè çìiíó ãó÷íîñòi
ñèãíàëó ó ÷àñi. Âiñü Y ïðåäñòàâëÿ¹ ÷àñòîòè, à âiñü X � çìiíó â ÷àñi. Íèæ÷å
âiäîáðàæåíî ïàðè ñïåêòðîãðàì äëÿ äâîõ ìîâöiâ.

Ðèñ. 1. Ñïåêòðîãðàìà 1 ìîâöÿ À Ðèñ. 2. Ñïåêòðîãðàìà 2 ìîâöÿ À

Ðèñ. 3. Ñïåêòðîãðàìà 1 ìîâöÿ Á Ðèñ. 4. Ñïåêòðîãðàìà 2 ìîâöÿ Á

Äëÿ ïîðiâíÿííÿ âàðòî âiäîáðàçèòè ìåë-ñïåêòðîãðàìè. Ìåë-ñïåêòðîãðàìà

óòâîðåíà çà äîïîìîãîþ ïåâíîãî ëîãàðèôìóâàííÿ çíà÷åíü ïî îñi Y . Çàçâè÷àé ïå-
ðåòâîðåííÿ ëiíiéíî¨ øêàëè ó ìåë-øêàëó âiäáóâà¹òüñÿ çà òàêîþ ôîðìóëîþ:

H(f) = 1127 · ln
(
1 +

f

700

)
. (2)

Íèæ÷å çîáðàæåíî ïàðè ìåë-ñïåêòðîãðàì, çãåíåðîâàíèõ äëÿ ðiçíèõ ìîâöiâ.
Ñàìå òàêå âiäîáðàæåííÿ çâóêîâèõ äàíèõ âèêîðèñòàíå äëÿ òðåíóâàííÿ ìîäåëi.

Ïðè÷èíà öüîãî òå, ùî ëîãàðèôìi÷íà ñïåêòðîãðàìà [3] äîñèòü ðåïðåçåíòàòèâíå âiäîá-
ðàæåííÿ äëÿ êîæíîãî ìîâöÿ. ×iòêî ïðîãëÿäàþòüñÿ ïàòåðíè, çà ÿêèìè ìîæíà
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Ðèñ. 5. Ìåë-ñïåêòðîãðàìà 1 ìîâöÿ A Ðèñ. 6. Ìåë-ñïåêòðîãðàìà 2 ìîâöÿ A

Ðèñ. 7. Ìåë-ñïåêòðîãðàìà 1 ìîâöÿ Á Ðèñ. 8. Ìåë-ñïåêòðîãðàìà 2 ìîâöÿ Á

Ðèñ. 9. Ìåë-ñïåêòðîãðàìà 1 ìîâöÿ Â Ðèñ. 10. Ìåë-ñïåêòðîãðàìà 2 ìîâöÿ Â

ïîìiòèòè ñõîæiñòü äâîõ çðàçêiâ ãîëîñó îäíi¹¨ ëþäèíè òà âiäìiííiñòü ìiæ ðiçíèìè
ìîâöÿìè. Òàêi âiäìiííîñòi íå ïîìiòíi ó ðàçi âèêîðèñòàííÿ çâè÷àéíî¨ ñïåêòðîãðàìè.

4. Çàïðîïîíîâàíà àðõiòåêòóðà íåéðîííî¨ ìåðåæi

ßê êëàñèôiêàöiéíó ìîäåëü âèêîðèñòàíî ñiàìñüêó íåéðîííó ìåðåæó [5]. Ñiàì-
ñüêà íåéðîííà ìåðåæà îñîáëèâà òèì, ùî íà âõiä ïðèéìà¹ ïîçèòèâíi òà íåãàòèâíi
ïàðè. Ïîçèòèâíèìè ïàðàìè ó âèïàäêó öi¹¨ çàäà÷i áóäóòü äâi ìåë-ñïåêòðîãðàìè,



ÇàðåöüêàÄ., ÁàðàíîâÌ., IâàíîâÑ.

116 ISSN 2078�5097. Âiñí. Ëüâiâ. óí-òó. Ñåð. ïðèêë. ìàòåì. òà iíô. 2022. Âèï. 30

çãåíåðîâàíi ç ãîëîñiâ îäíi¹¨ ëþäèíè, à íåãàòèâíèìè � òi, ùî çãåíåðîâàíi ç ãîëîñiâ
äâîõ ðiçíèõ ìîâöiâ. Îòæå, ìîäåëü â÷èòüñÿ ïîìi÷àòè ïîäiáíîñòi ìiæ äâîìà çâóêîâèìè
âiäîáðàæåííÿìè îäíîãî ìîâöÿ òà çíàõîäèòè âiäìiííîñòi ìiæ ðiçíèìè. Íåéðîííà
ìåðåæà òðåíóâàëàñÿ íà 10 åïîõàõ i ìà¹ òàêó àðõiòåêòóðó.

Ðèñ. 11. Àðõiòåêòóðà íåéðîííî¨ ìîäåëi

Îïèñ øàðiâ ìåðåæi:
- Input layer � âõiäíi äàíi(çîáðàæåííÿ ìåë-ñïåêòðîãðàìè ðîçìiðîì 432x288).

- Batch normalization layer � íîðìàëiçàöiÿ âèõiäíèõ ç ìèíóëîãî øàðó äàíèõ.

- Convolutional 2D layer � çãîðòêîâèé øàð íåéðîííî¨ ìåðåæi.

- Average Pooling 2D layer � óñåðåäíåíå àãðåãóâàííÿ.

- Flatten layer � ïåðåòâîðåííÿ ìàòðèöi ó âåêòîð.

- Dense layer � øàð, âñi íåéðîíè ÿêîãî ç'¹äíàíi ç êîæíèì íåéðîíîì ìèíóëîãî
øàðó.

Ïðèêëàä ïîçèòèâíî¨ òà íåãàòèâíî¨ ïàðè, ÿêi âèêîðèñòîâóâàëè äëÿ òðåíóâàííÿ
ìîäåëi.

ßê ôóíêöiþ-îïòèìiçàòîð äëÿ ìîäåëi îáðàëè Adam. Ôóíêöi¹þ âòðàò ¹ Triplet
Loss, õiä ðîáîòè ÿêî¨ îïèñó¹òüñÿ òàê [6].

1. Ç äàíèõ âèáèðà¹òüñÿ îäíå çîáðàæåííÿ(ÿêið), à òàêîæ ïîçèòèâíèé i íåãàòèâíèé
çðàçîê äî âèáðàíîãî ÿêîðó(ïîçèòèâíèì áóäå ìåë-ñïåêòðîãðàìà òîãî æ ìîâöÿ,
íåãàòèâíèì � iíøîãî).

2. Âèáðàíi çîáðàæåííÿ ïîäàþòü ó âèãëÿäi âåêòîðiâ. Îá÷èñëþ¹òüñÿ åâêëiäîâà
âiäñòàíü ìiæ ÿêîðåì òà ïîçèòèâíèì i íåãàòèâíèì çðàçêîì.

d(p, q) =

√√√√ n∑
i=1

(qi − pi)2. (3)
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Ðèñ. 12. Ïîçèòèâíà ïàðà

Ðèñ. 13. Íåãàòèâíà ïàðà

3. Îá÷èñëþ¹òüñÿ ôóíêöiÿ âòðàò(òóò triplet loss) ÿê ðiçíèöÿ ìiæ âiäñòàíÿìè ìiæ
ÿêîðåì i ïîçèòèâíèì çðàçêîì é ìiæ ÿêîðåì i íåãàòèâíèì çðàçêîì.

Îïèñó¹òüñÿ òàê:

L = max(d(a, p)− d(a, n) +margin, 0). (4)

Äëÿ ïðîãðàìíî¨ ðåàëiçàöi¨ âèêîðèñòîâóâàëè ìîâó Python, áiáëiîòåêó librosa äëÿ
ðîáîòè ç àóäiîñèãíàëîì, numpy äëÿ îïðàöþâàííÿ âåêòîðíèõ äàíèõ, tensor�ow
òà keras äëÿ ðîáîòè ç íåéðîííèìè ìåðåæàìè.

5. Ðåçóëüòàòè òà ìåòðèêè

Äëÿ òîãî, ùîá îïèñóâàòè ìåòðèêè äëÿ îöiíêè ðîáîòè ìîäåëi, âàðòî âèçíà÷èòè
êiëüêà ïîíÿòü, ùî áóäóòü âèêîðèñòîâóâàòèñÿ ïiä ÷àñ ðîçðàõóíêó ñàìèõ ìåòðèê.
Òàêèìè ¹ TP, TN, FP òà FN.

Îïèñ òà iíòåðïðåòàöiÿ íèæ÷åçàçíà÷åíèõ ìåòðèê ñòîñó¹òüñÿ ñàìå çàäà÷ ái-
íàðíî¨ êëàñèôiêàöi¨. Íåõàé iñíó¹ äâi ãðóïè îá'¹êòiâ: òi, ÿêi íàëåæàòü äî ïîçèòèâ-
íîãî êëàñó, òà òi, ùî íàëåæàòü äî íåãàòèâíîãî. Â êîíòåêñòi öi¹¨ çàäà÷i îá'¹êòîì
ïîçèòèâíîãî êëàñó ââàæàòèìåìî òó ïàðó ìåë-ñïåêòðîãðàì, äå îáèäâi çãåíåðîâàíi
ç ãîëîñó òi¹¨ ñàìî¨ ëþäèíè. Òîäi îá'¹êòîì íåãàòèâíîãî êëàñó áóäå ïàðà, äå ìåë-
ñïåêòðîãðàìè çãåíåðîâàíi ç ãîëîñiâ, ùî íàëåæàòü ðiçíèì ëþäÿì.

- TP (True Positive) � êiëüêiñòü îá'¹êòiâ ïîçèòèâíîãî êëàñó, ÿêi áóëè êîðåêòíî
êëàñèôiêîâàíi ÿê òi, ùî íàëåæàòü äî ïîçèòèâíîãî êëàñó.

- TN (True Negative) � êiëüêiñòü îá'¹êòiâ íåãàòèâíîãî êëàñó, ÿêi áóëè êîðåêòíî
êëàñèôiêîâàíi ÿê òi, ùî íàëåæàòü äî íåãàòèâíîãî êëàñó.
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- FP (False Positive) � êiëüêiñòü îá'¹êòiâ íåãàòèâíîãî êëàñó, ÿêi áóëè íåêîðåêòíî
êëàñèôiêîâàíi ÿê òi, ùî íàëåæàòü äî ïîçèòèâíîãî êëàñó.

- FN (False Negative) � êiëüêiñòü îá'¹êòiâ ïîçèòèâíîãî êëàñó, ÿêi áóëè íåêîðåêòíî
êëàñèôiêîâàíi ÿê òi, ùî íàëåæàòü äî íåãàòèâíîãî êëàñó.

Êîðèñòóþ÷èñü âèùåçàçíà÷åíèìè ïîíÿòòÿìè, îïèøåìî íàáið ìåòðèê, ÿêi âèêî-
ðèñòîâóþòü äëÿ îöiíêè ðîáîòè ïîäàíî¨ êëàñèôiêàöiéíî¨ ìîäåëi.

Accuracy =
TP + TN

TP + TN + FP + FN
(5)

Recall =
TP

TP + FN
(6)

Precision =
TP

TP + FP
(7)

F1 = 2 · Precision ·Recall

Precision+Recall
(8)

MCC =
TP · TN − FP · FN√

(TP + FT )(TP + FP )(TN + FP )(TN + FN)
. (9)

Çíà÷åííÿ êîæíî¨ ç âèùåîïèñàíèõ ìåòðèê äëÿ çàäà÷i àâòîðèçàöi¨ êîðèñòóâà÷à
òàêi:

Ðåçóëüòàòè åêñïåðèìåíòiâ

Ìåòðèêà Accuracy Recall Precision F1 MCC
Çíà÷åííÿ 0,9792 1,0 0,96 0,9796 0,9592

Îöiíêó ìîäåëi áóëî ïðîâåäåíî íà òåñòóâàëüíié âèáiðöi, òîáòî íà òèõ äàíèõ, ÿêi
íå áóëè âèêîðèñòàíi äëÿ òðåíóâàííÿ ìîäåëi.

ßê âèäíî ç òàáëèöi, íàòðåíîâàíà ìîäåëü çäàòíà ðîçðiçíÿòè ãîëîñè ðiçíèõ ëþäåé
i êîðåêòíî iäåíòèôiêîâóâàòè êiëüêà çðàçêiâ ÿê òi, ùî íàëåæàòü îäíié ëþäèíi.

Íèæ÷å çîáðàæåíî ãðàôiêè òîãî, ÿê çìiíþ¹òüñÿ loss-ôóíêöiÿ òà Accuracy íà
êîæíié åïîñi. Ñóöiëüíîþ ëiíi¹þ ïîçíà÷åíî òàêó çìiíó íà òðåíóâàëüíèõ äàíèõ,
ïóíêòèðîì � íà âàëiäàöiéíèõ (ðèñ. 14 òà 15).

Ðèñ. 14. Çìiíà triplet loss â çàëåæíîñòi
âiä êiëüêîñòi åïîõ

Ðèñ. 15. Çìiíà Accuracy â çàëåæíîñòi
âiä êiëüêîñòi åïîõ
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Íàâåäåíèé àëãîðèòì àóäiî-àóòåíòèôiêàöi¨ ìà¹ ïåâíi îáìåæåííÿ:
1) Íàÿâíiñòü øóìiâ â àóäiîäîðiæöi ñïîòâîðþ¹ ïðîöåñ âèäàëåííÿ òèøi, ðàìêè

ìîæóòü áóòè ïîäàíi íåêîðåêòíî, ùî óñêëàäíèòü ïðîöåñ ïðàâèëüíî¨ àâòîðèçàöi¨.
Ñïîñîáîì âèðiøåííÿ öi¹¨ ïðîáëåìè ìîæå áóòè çàñòîñóâàííÿ ïåâíèõ ôiëüòðiâ
ïåðåä åòàïîì âèäàëåííÿ òèøi;

2) Íàÿâíiñòü êiëüêîõ ãîëîñiâ â àóäiîçàïèñi ìîæå íåïåðåäáà÷óâàíî âïëèâàòè íà
ðîáîòó êëàñèôiêàòîðà.

6. Âèñíîâêè

Íà ïiäñòàâi äîëiäæåííÿ ðiçíèõ ìåòîäiâ âiäîáðàæåíü àóäiîñèãíàëó áóëî çàïðîïî-
íîâàíî àëãîðèòì àâòîðèçàöi¨ êîðèñòóâà÷à çà ãîëîñîì ç âèêîðèñòàííÿì âiäîáðàæåíü
ìåë-ñïåêòðîãðàìè òà âèêîðèñòàííÿì ñiàìñüêî¨ íåéðîííî¨ ìåðåæi ÿê ìîäåëi êëàñè-
ôiêàòîðà. Ïðîâåäåíèé àíàëiç ìåòðèê ïiäòâåðäæó¹ åôåêòèâíiñòü öüîãî àëãîðèòìó
(Accuracy = 97.9%). Â ïîäàëüøîìó ïëàíó¹òüñÿ ðîçøèðèòè òàêèé àëãîðèòì âèêîðèñ-
òàííÿì ôiëüòðiâ äëÿ âèäàëåííÿ øóìiâ ç àóäiîñèãíàëó.
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Creating methods that allow �nding some distinctions between di�erent speakers form
the basis when solving tasks of identi�cation and authentication of individuals by their
voice. Those methods are used extensively in developing security systems and methods
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of diarisation (partitioning an input audio stream into homogeneous segments according
to the speaker identity). Voice recognition systems use the voice of a person as a cru-
cial instrument for human identi�cation. Di�erent methods of audio analysis are often
accompanied by neural network models. Those models learn the ways to classify, recognise
and interact with audio signals. The audio analysis methods appeared to be the solution
to many problems, such as signals or events detection, language and music recognition,
sentimental analysis, and sound generation. Moreover, those methods found their place in
the �eld of biology (bioacoustics, oceanography). Two types of speaker veri�cation systems
are text-dependent and text-independent. Text-dependent speaker veri�cation requires the
speaker to say exactly the given text or password, while text-independent speaker veri�-
cation is more convenient because the person can speak freely to the system, but more
di�cult in creating. In this work, we present an algorithm for a text-independent speaker
veri�cation system. The algorithm consists of two important parts. The �rst part is pro-
cessing and �ltering the input audio stream in order to create training data, and the second
is training the Siamese neural network model. The main mathematical methods used in
the algorithm implementation were Fourier transform, as part of the spectrum concept,
the mel-spectrogram, which shows the frequencies that make up the sound, and the triplet
loss, as an important part of the Siamese network model. The data used for model training
was a set of mel-spectrograms and it was produced directly from the audio stream in the
�rst part of the algorithm. We trained our model on Speaker Recognition Audio Dataset
�f61aed-e and achieved 97,9% accuracy.

Key words: audio analysis, neural networks.


