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TOM T/fT; Van hod phi vat thé vira 1a mét biéu trung cua mot quéc gia vira mang ban sdc cia mot dén téc. Viée bao ton
vin hod phi vt thé luén dwoe nhiéu nha nghién ciru quan tam va dé xudt nhiing gidi phdp hiéu qud. Tir gdc nhin ndy, ching 16i da
dat sy chu y dén cac nhac 6 tmyén cua Viét Nam, nhw ca tru, don ca tai tir, hdat cung dinh, cheo,... Nhin chung, nhiing loai hinh van
héa phi vt thé nay dang dan bi “ling quén” va cdc thé hé tré dang it quan tam va chii y dén ching. Nhdn thdy sirc manh cia tri
tué nhdn tao, ching t6i da dwa hudng nhin dén khia canh nay dé giup bdo t6n cdc van hod Viét. Cu thé, mét mé hinh dé phan I6p két
hop voi gidi thudt mdy hoc truyén thong dé nhan dang nhac ¢é tmyen Viét Nam da duwoc aé xudt. Y twdng chinh la sir dung mang
hoc sdu tich chdp dé nhan dang thé logi ciia dong nhac va sé goi Y mot s6 tdc pham néi tiéng lién quan dén dong nhac do, dong thoi
hé thong ciing cung cap cde théng tin lién quan. Mot gidi thudt dé lwa chon két qud nhdn dang sé dwoc d@é xudt trong nghlen curu
nay. Tir thuc nghi¢m, ket qud phdn [8p cua m6 hinh hoc sdu dat hiéu qua mong doi véi do chinh xdc trén 95%. Cudi cing, huéng
tiép cdn nay sé duoc trién khai trén nén ting Web va céng bo ma nguon cdi dit.

Tir khéa: Vin héa phi vat thé, Tri tué nhan tao, Mang hoc sau, Am thanh, Gidi thugdt may hoc.

I. GIOI THIEU

Di san van hoa dugc xem nhu mdt niém tu hao ddi véi mdi quéc gia trén thé gidi. N6 thé hién duoc ban sic dan
toc va biéu trung cho timg ving mién. Mdi di san van hoa thuong mang lai nhitng gia tri to 16n trong doi séng cia
chiing ta v& vat chat 1an tinh than. Néu nhu di san van hoa vét thé 1a nhimg thir ma ching ta ¢6 thé tin mét chimg kién
cling nhu kham phé vé dep cuia chiing thi nguoc lai di san van hoa phi vat thé mang lai mot didu gi d6 dong lai trong ky
trc mdi ngudi boi chinh vé dep tim hén ma ching mang lai. Mic du khdng hién hitu nhung cac di san van hoa phi vat
thé lai len 1 trong doi song tinh than hang ngay cia mdi ngudi. Tai Viét Nam, ¢6 nhidu di san vin hoa dwoc To chie
Gi4o duc, Khoa hoc va Vian hoéa Lién hop quéc (UNESCO) cong nhén 1a di san van hoa thé gidi cAn dwoc gin giit va
bao tén. Theo [2], gidi thiéu mot s6 di san van hoa phi vat thé tai Viét Nam, trong d6 c6 mot s6 loai nhac truyén thong
tir xura dén nay mang dam ban sac dén toc nhu: ca tru, don ca tai tir, dan ca quan ho Bic Ninh.. . O day, chang t6i goi
nhitng dong nhac nay 1a “nhac c¢é truyén Viét Nam”. That vy, nhitng dong nhac c¢6 truyén nay thé _hién dugce net rat
riéng cla ting ving mién ¢ Viét Nam ma doi lac chung con dugc xem nhu tinh hoa van hoa ctia m01 dan toc anh em
trong Cong dong cac dan toc Viét Nam (64 ddn t6c). Tuy nhién, trong thoi dai ngay nay, viéc toan ciu hoa dan dén lan
song xam nhdp tir nhiing thé loai nhac ngoai qudc, xu huéng 4m nhac nay lai tré thanh thi hleu cua gidi tré nén chung
tré nén rat phd bién. Ciing chinh vi thé ma cac dong nhac ¢ truyén lai dan bi “lang quén”, xudt phat tir viéc nay ma bai
bao [10] dugc xuit ban nhu mét 161 dong vién, nhic nhé viée gido duc thé hé tré néi riéng ciing nhu mdi nguoi trong
ching ta néi chung biét cach giit gin ciing nhu trin trong cac di san van hoa phi vat thé cua dan toc, dé giit duoc tinh
thin hoa nhap nhung khong hoa tan.

Nhin chung, dé 6 thé co y thirc gin gii ciing nhu bao ton di san van hoa thi viéc nhan biét ching 1a diéu rit can
thiét trong mdi ngudi chiing ta. Di v6i di san vin hoa phi vat thé, chung co thé duoc thé hién qua nhirng vén ban, tap
chi, hinh anh chup, video va ca am thanh. Véi viéc diéu tra nhitng nghién ciru lién quan, mot sd dé tai nhan dang céac di
san van hoa phi vat thé véi hinh anh dat dugc nhiéu két qua tét va mong doi. Chang han, céc nghién ciru [3, 5] xay
dung mé hinh nhan dang va phén loai cac loai di san vin héa phi vat thé trén tap dit liéu hinh anh. Tuy nhién, am thanh
tir céc loai nhac c6 truyén cung chinh la mdt nét dac sic clia van héa phi vat thé ma chung ta c6 thé dé dang cam nhén
dugc. Nhing lan di¢u truyén thong clia chéo, ca trii... s& khong thé nhin thay tryc quan ma ching ta s& ling nghe ting
hoi thé va strc song ma ngudi nghé si mang lai. Theo nghién clru, dleu tra, va khao sat, cac dé tai nghién ciru vé viéc
van dung tri tu¢ nhan tao trong viéc phan loai cac dong nhac cb truyen Viét Nam van chua co nhiéu cdng trinh nghién
ctru lién quan. Chinh vi thé, trong nghién ctru ndy, chiing t6i dé xuat mot s6 dong gop chinh nhu sau:

— Mot tap dit liéu 4m thanh (10 gidy va 20 gidy) va dugc chuyén ddi sang dang quang phé Vé cac nhac cd truyén Viét
Nam. Tap dir li¢u nay dugc thu thap tir cac doan video trén Youtube vo6i khong co yéu t6 ban quyén. O day, chung
ta chuyén dbi va cét nhiing video dai thanh nhirng doan 4m thanh 10 gidy va 20 gidy. Dya trén y kién ciia chuyén
gia va dic trung cac thé loai hat ma da khong thu thap vai 5 gidy hodc nhiéu hon 20 gidy;

— Mot md hinh hoc sau két hop véi giai thuat may hoc (dugc goi 1a CNN-SVM [11]) dé phan loai 08 loai nhac. Déng
thoi tich hop ching vao mdt img dyng mang tén Vietnamprime (hay dugc viét tit ViPrime) dé cho nguoi dung dé
dang sir dung trong viéc phén biét cac loai nhac cd truyén Viét Nam;

— Ngoai ra, dé Iya chon két qua phan 16p, mot giai thuat d duoc dé xuat trong bai bao nay;

— Cudi cing, nhirng thong tin bd sung va cac doan video lién quan dén bai hat d6 s& dugc cung cip.
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Trong bai bdo nay, thay vi nhan dang truc tiép v6i dac trung MFCC [12] va cac giai thudt may hoc, chung ta s&
chuyén g6c nhin nhén dang am thanh v& bai toan thi gidc may tinh. Cu thé, nhirng doan am thanh s€ dugc thu thap va
chuyén vé dang quang phd (luu trir dudi dang hinh anh). Tai day, bai toan nhan dang bang thi gidc may tinh vdi cac
mang hoc sau tich chap s& dugc van dung dé duy doan két qua. Tuy nhién, nghién ctru nay s& khong nhan dang truc tiép
bang CNN ma s& st dung CNN dé trich dic trung va sir dung giai thuat may hoc dé xdy dung mé hinh nhan dang. Ly
do thyc hién hudng tiép can nay 1a vi ddc trung ctia hinh quang phd c6 su lap lai vé thong tin va sy khac biét vé tan s6
4m thanh khi biéu dién trén quang phd s& c6 nhiéu diém khac nhau. Hon nita, truong hgp 4m thanh nhiéu s& dugc mo
hinh may hoc xir 1y tot. Mot diém dang chu ¥ trong nghién ctru nay 1a cach lya chon két qua nhan dang. Vi dit liéu dau
vao 1a mot doan am thanh dai trong khi mé hinh nhén dang s& dugc huin luyén véi doan am thanh 10 gidy va 20 gidy.
Do vy, ching ta s& cit doan 4m thanh thanh cac doan 4m thanh nho dé phui hop mé hinh huin luyén. Tuy nhién, doi
khi trong ca doan 4m thanh dai s& c6 nhiing phan doan khong ¢ “tiéng hat - 4m thanh” thi két qua nhan dang s& khong
chinh xac néu chung ta lya chon mgt doan 4m thanh ngdu nhién. Vi viy, mot giai thuat don gian dé lua chon két qua la
can thiét va mong doi.

Bai bao nay thi dugc cu tric nhu sau: nhiing co s¢ 1y thuyét ma s& van dung trong bai béo s& dugc trinh bay
trong Muc II; ké tiép, Muc III s& gi6i thiéu mo6 hinh dé xut cta nghién ctru nay va dugc trinh bay chi tiét vé cac thanh
phan thyc hién; bai bao s& trinh bay thuc nghiém ctia hé thong va mot thao luan vé két qua cua mé hinh trén nén Web
trong Muc IV; cudi ciing, mot két luan va hudng phat trién ciia bai bao s& cung cép trong Muc V.

1. COSO LY THUYET
A. Nhac cé truyén Vigt Nam

Nhac ¢6 truyén Viét Nam [2, 15] 1a mot phin quan trong trong di san vin hoa cuia dat nude. Pay 1a thé loai nhac
truyén théng va b dién d3 tdn tai tir 1au doi, thé hién tinh than, tAm hdn va dic trung van hoéa cliia nguoi dan Viét Nam
qua céac thé ky. Nhac c¢6 truyén Viét Nam gém nhiéu thé loai va dong nhac khac nhau, nhu trong Hinh 1, cu thé: (1)
Nhac cung dinh: Puoc thé hién tai cac triéu dai phong kién, nhac cung dinh thudng cé tinh chét trang trong, tinh té va
thé hién sy phan d4u ciia cac nhac si trong viéc gin giir va phét trién van héa cung dinh; (2) Nhac ru: Nhac nay thuong
duoc st dung trong cac 18 cting, 18 hoi hodc dé gitip ngudi nghe tao cam xuc yén binh, thu thai; (3) Nhac dén ca: Thé hién
tam hon va cudc séng ctia nguoi dan thong qua cac bai hat thuong dugce truyén dong qua thé hé; (4) Nhac tai tir: Thuong
biéu dién tai cac san khiu va céc 18 hoi dan gian, nhac tai tir thuong két hop nhiéu loai nhac cu va tiét thu nhip di¢u doc
dao; (5) Nhac cai luong va hat bdi: La cac thé loai kich truyén théng, thuong st dung am nhac dé dién ta va tao tinh
hudng cho céc v kich; va nhing loai khac. Nhin chung, nhac ¢ truyén Viét Nam khong chi 13 mot phan khong thé thiéu
cua cudc séng va van hda cua nguoi dan, ma con la biéu tugng cua sy da dang va sy doc dao cua ngdn ngir &m nhac Viét
Nam. That vay, khi nhic dén nhac c¢b truyén Viét Nam, nhiéu loai hinh 4m nhac do ngudi Viét sang tac di ra doi tir rt
som va dugce luu truyén tir doi nay sang doi khac, va cho dén nay cac thé hé van sang tac, thudng thirc.

Hinh 1. Céc thé loai nhac ¢b truyén Viét Nam

C6 nhiéu thé loai nhac c6 truyén khac nhau va dic trung cho mdi viing mién trén dat nude Viét Nam. Xét vé cac
loai hinh 4m nhac ¢6 truyén thi c6 thé ké dén nha nhac cung dinh, cheo, tuéng, hat xdm, don ca tai tir, dan ca, ca tru...
Chung c6 thé thé hién qua cac hinh thirc don ca, song ca hodc biéu dién theo nhom. Nguoi biéu dién c6 thé két hop vai
cac loai nhac cu truyén théng v0 cung dic séc nhu dan bﬁu, dan c9, dan nguy¢t,... da gop phén tao nén nét dac trung
riéng cho am nhac cb truyén Viét Nam.

Trong nghién ctru ndy, ching t6i tap trung vao 08 loai nhac truyén théng phd bién va nbi tiéng tai Viét Nam vai
da dang nhiéu vung mién khac nhau, bao gém: Ca tru, chéo, hat chu van, ho, nhac cung dinh Hué, nhac tai tur, quan ho
va xdm. Mic du con rat nhiéu loai dong nhac khac nhung bai bao nay sé& tip trung vio cac loai hinh 4m nhac nay vi
mot trong s6 ching da dugec UNESCO cong nhan va ¢ nhiéu gia trj vin hoa trong kho tang am nhac truyén thong Viét
Nam. Hon nita, nhitng loai hinh 4m nhac dugc chon nay trai dai trén dat nudc hinh chit “S” véi sy phong phu vé tap
quéan va ban sic dan toc ma can duoc luu truyén va giir gin.

Dé bao ton nhitng loai nhac nay, chung t6i s€ tdn dung tri tu¢ nhan tao ma s€ dugc gidi thiéu trong muc ké tiép.
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B. Mang hoc sdu tich chap

Mang hoc séu tich chép (Convolutional Neural Network - CNN) [13, 14] 1a m6t kién tric mang no-ron nhén tao
duoc thiet ke dac biét cho viéc xtr 1y va phan tich dir li€u hinh anh va dm thanh. CNN la mot trong nhitng céng cu quan
trong trong linh vuce thi gidc may tinh va xtr Iy ngdn ngit tu nhién.

Kién tric CNN dugc thiét ké duya trén cac 16p tich chap va cac 16p két ndi day du (fully connected). Cac 16p tich
chap gitip mang hoc cach nhan dién cac dic trung cuc bd trong dir liéu, trong khi cac 16p két ndi day du gitp tong hop
thong tin dé thuc hién phan loai hodc dy doan. Cac dic diém chinh ciia CNN nhu trong Hinh 2, bao gom: (1) Ldp tich
chdp: Cac 16p nay thyc hién phép tich chép trén dir li¢u dAu vao dé tim ra cac dic trung cuc bo nhu canh, goc, hodc
mau trong hinh anh. Céac 16p nay gitp giam thiéu s6 lugng tham s6 can huan luyén va tao ra tinh ning ty dong rit trich
dac trung. (2) Lop gdp (pooling): Cac 16p gbp giup giam kich thudc dir liéu va lam giam d6 phirc tap cua mang. L6p
gop thuong thyc hién viée chon ra gid tri quan trong nhit trong cac ving cua dic trung da duoc rut trich. (3) Ldp ket
noi day di: Sau khi qua cac 16p tich chap va gop, thong tin duge dua vao cac 16p két ndi day du dé thuc hién phén loai
hodc dy doan. Nhin chung, CNN di dat dwoc nhiéu thanh tuu 4n tugng trong viée xir ly hinh anh, bao gdém nhan dang
dbi twgng, nhan biét khudn mit, phan loai hinh dnh va nhiéu ing dung khac lién quan dén thi giac may tinh.
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Hinh 2. M6 hinh mang hoc siu tich chap

O day, ching ta s& cung cip mot sd thong tin chi tiét vé mo hinh nay ciing nhu cach st dung cho mé hinh trong
bai b&o nay: (1) Tai 16p trich loc dic trung anh, ngoai ting dau vao (Input Layer), ngudi ta thuong trién khai mot s6
tang tiéu biéu khac nhu ting tich chap (Convolutional Layer) ding dé trich ddc trung anh du vao thong qua cac bd loc
v6i phép toan tich chap, ting ReLU dé dua anh mot mirc ngudng nham loai bo cac gia tri 4m khong can thiét ma co thé
anh hudng dén viéc tinh toan cua cac ting sau do, tang Pooling v&i chitc nang chinh 1a giam chiu khong gian cia du
vao dé giam do phirc tap tinh toan trén mé hinh. Luu y ring, nghién ciru ndy s& tan dung nhirng ting nay dé trich dic
trung anh quang pho. Ké tiép, tai 16p phén loai ngudi ta thuong quan tim dén mang lién két ddy du (Fully Connected
Layer - FC). Tai tang nay thi mdi mot noron s& duoc lién két vai moi noron ciia ting FC khac. Tang FC s& nhan cac
anh tir cc tang trudc (co the la Conv Layer hodc Pooling Layer) nhung phai duoc lam phang (Flatten) thanh vector
trude khi dua vao. Sau céc tang lién két ddy du thi sé dén ting ddu ra, tai ting ddu ra nay nguoi ta co thé sir dung cac
ham kich hoat phu hgp véi bai toan dit ra. Cac ham kich hoat thuong gdp nhu Softmax function hodc Sigmoid
function. Tuy nhién, hudng tiép can cua bai bao nay s& thay Softmax boi giai thuat may hoc SVM.

C. My hoc hé tro vector

SVM (Support Vector Machine) [16] 1a mot thuét toan trong linh viee may hoc, thudc loai hoc ¢ giam sat, dugc
st dung chu yéu cho céc tac vu phan loai va hdi quy. SVM 1a mét phuong phap manh mé dé tim ra mot ranh gii phan
tach tot nht gitra cac 16p dit lidu. Y twdng chinh cia SVM 14 tim ra mot duong phan chia (d6i v6i bai toan phan loai
hai 16p) hoic siéu phing (dbi voi bai toan phan loai nhiéu 16p) sao cho khoang cach tir cac diém dir liéu gan nhit dén
dudng phan chia (siéu phang) 14 16n nhat. Cac diém dir lidu gan nhét nay dwoc goi 1a cac vecto hd tro (support vectors).
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Hinh 3. M0 hinh phan 16p SVM va ham SVC (cua scikit-learn) véi chon ham nhan

SVM c6 thé ap dung cic ham kernel dé 4nh xa dit liéu tir khéng gian ban dau sang khong gian cao chiéu hon,
giup tao ra cac dudong phéan chia phirc tap hon va phu hop voi dir liu khong tuyén tinh. Cac ham kernel phd bién bao
g0om ham tuyén tinh, ham da thirc, ham Gaussian (RBF - Radial Basis Function) va nhiéu loai khac.
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SVM c6 ung dung rong rai trong nhiéu linh vuc, b?.O gém nhén dang chir viét tay, nhan biét dbi tuong trong
hinh anh, phan loai van ban, va nhiéu tdc vu phan loai va hoi quy khac. Thuat toan SVM thudng dat hiéu suat tot trong
viéc xur Iy cac bd dir li€u c6 su phan tach rd rang gilra cac 16p. Do vay, bai todn nhén dang am thanh véi dac trung tu
mang hoc sau s€ phu hop voi gidi thudt SVM.

I1l. PE XUAT PHUONG PHAP

Dé nhan dang dong nhac ¢b truyén Viét Nam, mo hinh tong quan ctia hudng tiép can nay sé& duoc gidi thiéu
trong myc nay. Hon nita, gidi thuat Iya chon s€ dugc trinh bay trong chi tict.

A. M0 hinh ViPrime

M(} hi’nh khung (framewprk) dé dy doan dong nhac cd tmyén Viét Nam da duoc dé xuit, voi tén goi Vietnam
Prime (viét tat, ViPrime), bao gom 05 budc chinh nhu trong Hinh 5.

o Tiénxi Iy dlién |

CNN (Lenet,
MobileNet,
ResNet,...)

hoac

CNN + SVM

G thuit chon két qud

Hinh 4. Kién tric hé thong dé xuét
Mot mo ta tiét vé mo hinh ViPrime nhu sau:

Buéc 1. Thu thip dir liéu: Tién hanh thu thap cac doan am thanh v& nhac cb truyén bao gém tht ca 8 thé loai.
Céc video vé nhirng loai nhac ¢ truyén nay dugc thu thap tir Youtube. Do d6, cac doan video dai
ngén khéac nhau, thoi gian trung binh cho cac video nay khoang 0,5 — 2,78 git. Mdi dit liéu lién quan
dén tung loai nhac sé dugc luu trit trong mot thu muyc riéng, nd twong ing véi mot 16p trong qua trinh
xay dung mé hinh phan 16p. Luu ¥ ring, ching ta s& thuc hién x6a nhidu va cit 4m thanh thanh nhing
doan 10 giay va 20 gidy cho qua trinh phan 16p. Ly do chung t6i lya chon 10 gidy va 20 gidy s€ duoc
trinh bay & Muc IV.A;

Budée 2. Tién xir 1y dir ligu: Hudng tiép can trong bai bao nay 1a chuyén cac dir liéu 4m thanh vé dang anh
quang phd (phd tan sb cia tin hiéu hay Spectrogram) dé tao bo dit liéu dau vao cho cac mé hinh huin
luyén. Dé thuc hién viéc nay, goi thu vién Librosa sé dugc sir dung dé thuc hién thao tac chuyén déi
am thanh thi hinh anh. Nhan manh r*ﬁng, bai bao s€ khong thyc hién truc tiép nhan dang am thanh
bang cac dic trung 4m thanh, ching han MFCC, ma chuyén sang giai quyét bai toan cua thi gidc may
tinh. O budc nay, cac 4m thanh dd duoc loc nhidu véi viée 14y trung binh cac tin s§ gan (s dung cac
ham cua librosa).

Buée 3. Huin luyén mé hinh: Sau khi c6 duoc dit liéu huin luyén, viéc tién hanh thir nghiém trén cic md
hinh hoc sau nhu MobileNet, InceptionV3, Lenet, Resnet50 sé dugc thuc hién. Hon nita, bai bao nay
da thyc nghiém voi viée két hop giira m6 hinh mang hoc sau voi gidi thudt may hoc vector hd trg
(SVM) (bang phirong phdp Transfer Learning trong viéc trich xudt déc trung div liéu qua m6 hinh hoc
sau). Tai day, bai bao s& cung cap mét so sanh gitra cic md hinh va cac b tham s0 khac nhau nhim
tim ra mo hinh tot nhat cai dit ing dung.

Budc 4. Xay dung ing dung VietnamPrime: Dya trén md hinh dat dugce ¢ bude 03, ching t6i s& luu trir lai
md hinh va dong thoi cai dat ing dung trén nén tang Web v6i goi thu vién Flask. Buge ndy ciing dugce
biet nhu kiém tra m6 hinh va trién khai hudng tiép can vao hé thong/ung dung thuc te.

Buée 5. Giai thuit lya chon két qua: Vi dit liéu ddu vao cua nguoi ding sé da dang va khong thé 1a 10 gidy
hodc 20 gidy nhu mé hinh di huan luyén. Hon ntra, nghién ctru nay ciing da thuc nghiém kiém tra véi
am thanh dai cho mo hinh da duogc huén luyén. Két qué cho thay d6 chinh x&c khong cao. Do vay,
thay vi thuc hién nhan dang truc tiép v6i am thanh dai, mot giai thudt don gian, mang tén S2S, da
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duogc dé xuit dé Iya chon két qua. Cu thé, gia sir c6 mot doan &m thanh dai 1 ph(t (60 gidy). Ching toi
s& cit ngau nhién 4-6 doan am thanh (mdi doan 10 gidy). Sau d6, mdi doan &m thanh s& dwoc dwa qua
moé hinh CNN dé nhan dang. Cudi ciing mé hinh s& dya trén giai thuat S2S (nén tang chinh Ia luat binh
chon sé dong) dé dua ra két qua nhan dang. Giai thuat s& dugc trinh bay trong muc con ké tiép. Giai
thuat s& dugc trinh bay trong muc con ké tiép.

B. Gidi thudt S2S

Y tuong cua giai thuat 1a chia nho dé chon (Split to Select, viét tit S2S). Cu thé, tir doan am thanh dai (ky hiéu
7), chiing ta cit ra thanh nhiéu phan (st dung ham w(1)) véi viéc chon ldy ngdu nhién 10 gidy khong trang nhau. Ké
tiép, s€ thuc hién thu thap cac két qua nhan dang tr cac ph?m duoc ct ra véi mo hinh may hoc (ky hiéu A)) da lya chon
(tir bude 3). Vi du, gia sir ching ta ¢6 01 doan 4m thanh 03 phut, khi d6, chiing ta s& cit ra thanh 18 doan 10 gidy. Va
sir dung mé hinh may hoc dé nhan dang 18 doan d6 dé thu két qua. Két qua s& bao gdm “tén ctia dong nhac” (ky hiéu
liname) VA “d0 chinh x4c” (uae.). O day, chung toi s& thiét 1ap mot bién a dé lam ngudng lva chon (mic dinh 1a 90).
Dua trén két qua thu duoc véi do chinh xac cao, chling tdi s& luu vao mot mang (p) va sir dung ludt binh chon sé dong
dé dua ra quyét dinh cudi cing.

Giai thuat: SplitToSelect (Viét tit, S2S)

Piu vao: Am thanh dai (ky hiéu 7), mé hinh nhan dang (ky hiéu A), sé giy cit (g)

Piu ra: Két qua nhan dang

a<90,p<@,0<0,

Function S25(7,A, g):

| Yew(g) Il w(am thanh dai, s6 gidy): Ham cit Am thanh ngau nhién
| foreache € ¥:

| | Hnamer Hace < A(S)

| | lf Hace = a

| | | pep U Hname

| K« &8(p) 1l §(p): Ham thong ké cac két qua, vidu: a:3,b:7
| Re = Majority (K)

| return Re

end
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IV. THU'C NGHIEM VA THAO LUAN
A. Dit ligu va cdu hinh mdy tinh

Nghién ctru nay da thyc hién huén luyén véi 08 16p?, bao gdm ca tru, chéo, hat chau vin, ho, nhac cung dinh
Hué, nhac tai ttr, quan ho va xdm. Cho mdi 16p chiing ta s& c6 500 mau dugc thu thap tir cac video dai. Véi mdi mau s&
dugc sinh ra mot anh spectrogram twong tng (anh quang phd). Téng s6 lwong anh dé huén luyén 1a 4,000. O day,
chung t6i da thyc nghiém véi ty 18 8:2 (cu thé, 80% dé huan luyén va 20% dé kiém tra). Trong tap huan luyén, di liéu
lai dugc chia theo ty 1€ 9:1 14n nita (cu thé, 90% cho hun luyén va 10% cho validation). Thyc nghiém nay da st dung
earlystop dé dirng lai cho cac mo hinh huén luyén bing CNN. Hudng tiép cin nay di thyc hién véi hai tap dir liéu, gdm
10 gidy va 20 gidy. Mot vai ly do chiing t6i lwa chon hai tap dir liéu nay 1a (1) theo ¥ kién cua chuyén gia thi cac dong
nhac s& khac nhau vé do dai cia “4m ngén”. Néu chung ta chi lay 5 gidy thi s& khong du d dai dé thé hién dong nhac
d6, ching han “Nhac tai ti” v6i mot cau ngén giong rat dai (d6i khi 10-20 gidy) hodc doi khi ¢6 “cau hd” trén 10 gidy.
Khi d6 néu chung ta chi thu thap 05 gidy sé€ rat kho dé du doan su khac nhau gitta chung; (2) sy lai di lap lai cia mot sb
dong nhac s€ tao nén sy trung 1ap trong qua trinh dy doan; (3) v6i doan 4m thanh dai s& tén nhiéu thoi gian dé trich
Xuét thong tin va huin luyén; (4) néu lay trén 30 gidy thi s& khong phu hop voi nhitng truong hop thuc té. Néu ngudi
ding muén dy doan trude tiép thi gan nhu khong thuc té dé nguoi dung cho 30 gidy dé thu am thanh. N6 s& 1a phu hop
voi 10 gidy dén 20 gidy cho mdt doan thu &m thanh nhanh (neu khdach du lich muon nhan dang truc tzep).
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Hinh 5. Hinh dit liéu thu thap dwoc luu trit vao cac thu muc va chuyén tir &m thanh sang dnh quang phd

L https://github.com/thanhhuytran919/data_spectrogram_vietnamese_music_instruments
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Dbi v6i moi truong cai dit hé théng, cac cdu hinh va thu vién duoc cai dat nhu trong Bang 1. Hé théng duogc cai
dit bang mi 1énh Python dé xay dyng mé hinh may hoc va trién khai trén nén Web. Ung dung Web duoc trién khai véi
Flask framework. Day 1a mot framework phat trién mg dung web phia mdy chu dugc xay dung bang ngdn ngir 1ap
trinh Python. Hé thong lya chon Flask dé trién khai vi chiing duoc thiét ké don gian, linh hoat va dé dang dé phat trién
céc g dung web tir nhitng du an nho dén nhitng mg dung phirc tap hon. Dé chuyén dbi tir am thanh sang anh dang
quang phd, nghién ctru hién tai dang cai dat va thuc nghiém voi thu vién Librosa? véi phién ban 0.10.1.

Béang 1. Céu hinh méy tinh va thu vién sir dung

CAu hinh Phién ban / Kich thuéc

Hé diéu hanh Windows 10

CPU AMD Ryzen 5-2500U 2.0 GHz up to 3.6 GHz

RAM 16 GB

Card dd hoa NVIDIA GEFORCE GTX 1050 4GB GDDR5 + Radeon Vega 8 graphics
Cuda 11.2.0 — 460.89

TensorFlow, Keras [19] Phién ban 2.7.0

Luu y rang tap dit liéu thu thap va tmg dung di dwoc cong bé trén Github?,
B. Ddnh gia mé hinh
Ddi voi viée huan luyén m hinh, nghién ctru nay da thyc nghiém 05 md hinh mang hoc siu véi cac kién trac khéc
nhau. Cu thé, béi bédo kiém tra voi MobilenetV2, Inception V3, Lenet-5, Resnet50, va CNN-SVM. Doi véi giai thuat
SVM, bo tham s6 ciia ham nhan RBF da duogc thuc nghiém nhu sau: € = 100000 va gamma = 0.001. Hon ntta, sau
khi str dung thu vién librosa dé chuyén d6i 4m thanh (tap tin 6 phan mé rong 14 wav) thanh anh quang pho anh dau vao
s€ duoc resize lai voi kich thude 128 x 128. Luu y rang, trong qua trinh thyc nghiém chung toi da kiém tra voi nhiéu

kich thudc dau vao khac nhau, véi kich thudc 128 x 128 da dat duge do chinh x4c cao nhat. Trong nghién ctru nay,
chung t6i da kiém tra véi dic trung MFCC va sir dung SVM dé so sanh véi huéng tiép can cua bai bao.

Mit khac, cac mé hinh déu duoc kiém tra véi 10 1an thue nghiém kiém tra va 14y gié tri trung binh ciia chiing dé
viét vao Bang 2. T4t ca cac md hinh dd duoc thiét 14p v6i epochs 50, tuy nhién véi sé epochs khoang 20-25 thi
earlystop da ding lai. Mot diém quan trong 13 nghién ctru da thuc hién kiém tra véi tap dit liéu 10 gidy va 20 gidy. Cac
két qua danh gia d6 chinh xac ctia cac mé hinh trinh bay trong Bang 2.

Bang 2. Bang két qua danh gia cac mé hinh huén luyén

F1 Recall Precision Accuracy
BS24 BS32 BS24 BS32 BS24 BS32 BS24 BS32
MobilenetV2 92.13% 93.37% 92.12% 93.38% 92.29% 93.53% 92.12% 93.38%
InceptionV3 77.33% 79.29% 77.75% 79.38% 78.67% 80.04% 77.75% 79.38%

Data Model

10 Lenet-5 94.41% | 94.23% | 94.50% | 94.25% | 94.48% | 94.28% | 94.50% | 94.25%

seconds CNN + SVM 95.36% | 95.26% | 95.38% | 95.38% | 95.38% | 95.38% | 95.38% | 95.38%

ResNet50 56.93% 51.15% 59.50% 53.12% 66.39% 75.19% 59.50% 53.12%
MFCC+SVM 83.53% 81.64% 85.24% 86.54%

MobilenetV2 85.33% 88.63% 85.25% 88.62% 86.01% 89.13% 85.25% 88.62%
InceptionV3 78.17% 89.27% 78.38% 89.25% 83.54% 90.09% 78.38% 89.25%

20 Lenet-5 91.62% | 90.74% | 91.62% | 90.75% | 91.65% | 91.14% | 91.62% | 90.75%

seconds CNN + SVM 87.67% | 92.26% | 87.75% | 92.25% | 87.75% | 92.25% | 87.75% | 92.25%

ResNet50 46.20% 47.27% 49.12% 50.62% 55.54% 52.42% 49.12% 50.62%
MFCC+SVM 81.52% 80.15% 83.43% 83.78%

Tir bang két qua thir nghiém trén, ching ta nhan thay viéc st dung mo hinh Lenet-5 va md hinh (CNN-SVM)
két hop gitta mod hinh hoc sdu va giai thuat may hoc truyén thong mang lai két qua rit kha quan. Thuc nghiém trong
nghién ctru nay di kiém tra véi CNN-SVM v&i nhiéu kién triic khac nhau. Nhan thiy véi kién trac Lenet-5 thi pht hop
v6i tap dir liéu da duge thu thap véi do chinh xac cao nhét. Do vdy, trong bai bao nay chi ghi nhan két qua cia mo hinh
CNN (Lenet) + SVM. Hon nita, vi dit liéu quang phd s& khac nhau néu giong khac nhau (cing mot chit hodc mot cau)
nén viéc thyc nghiém s€ thuc hién mot s6 batch size (8, 16, 24, 32, 64). Tuy nhién trong bai bao nay chi dé cap dén
nhitng batchsize c6 do chinh xac t6t nhat. Nhin chung, Batchsize=24 véi 10 gidy cho d¢ chinh x4c cao nhat.

Bai bdo s& cung cdp mot thao luan vé két qua nghién ctru va gidi thidu mot tmg dung da dugc cai dat trén nén
tang Web cho hudng tiep cén nay trong muc ke tiep.

2 https://librosa.org/
3 https://github.com/thanhhuytran919/vietnamprime_app
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C. Thdo ludn va trién khai h¢ thong

Quan sat két qua huén luyén tr mo hinh, ching t6i chon mé hinh t6t nhat dé tién hanh xiy dung ung dung,
mang tén VietnamPrime (ViPrime). Chung t6i da cai dat mot giao dién truc quan vé6i cac thao tac don gian. Mot so
churc nang chinh nhu sau:

- Nguoi ding chon mét tap tin 4m thanh tir giao dién nhu Hinh 7. K¢é tiép, nguoi ding chon “Dy doan” dé tién hanh
trich xuét dic trung va phan 16p dong nhac.

- Khi xé4c dinh dwoc dong nhac, ing dung con nhiéu thong tin chi tiét nhu: loai nhac truyén thdng, do chinh xac du
doan ciing nhu c6 kém theo quang phd ctia am thanh dang kiém tra, va thong tin cua dong nhac d6. Hon nita, c4c
video lién quan dén dong nhac dugc du doan s& dugc goi ¥ dé nguoi ding c6 thé nghe véi cac nhac pham ndi tiéng
(xem Hinh 8).

VIETNAMPRIME APP

Hinh 6. Giao dién Vietnamprime

bdi véi viee du doan két qua tir doan am thanh dau vao, chung toi dé xuét phuong phap kiém tra: Do mdi doan
am thanh c6 thé s& c6 nhiing doan khdng cé tiéng hoic nhitng doan ¢4 ldn tap dm nén chung toi dé xuit nhu & Bude 5,
va rdi tién hanh du doan trén cic doan am thanh nay va két qua cudi cung s& duoc dua ra dua trén binh chon s dong
(Giai thuat S2S). Hon nita, chiing toi ciing cung cip két qua c6 d6 chinh x4c cao nhat trong danh sach cac két qua tir
am thanh dai va ciing da hién thi trén ung dung vé& do chinh xac trung binh va trung vi. Mot déu quan tam réng, dua
trén d6 chinh xéc trung binh va trung vi dé chiing toi tra 16i doan 4m thanh d6 c¢6 phai 1a dong nhac trong b phan 16p
cua chung t6i hay khong.

Nhin chung két qua du doan ctia bai bao nay dat dugc két qua mong doi. Tuy nhién mot sb truong hop két qua
chua bao quat, do vay hé¢ théng can thuc hién thém dir liéu nguf‘)n dir lidu dé co két qua tdt hon. Mat khac, hé théng
hién tai chi cho phép ngudi ding ding tai doan 4m thanh dai t6i da 5 phat. Do vy, hé thong cin cai tién vé giai thuat
Iira chon (S2S) va ké ca giai thuat dau vao cit am thanh. Dy dinh cua chung t6i 1a xay dung mdt mé hinh may hoc dé
tim cac doan 4m thanh c6 nhiéu sy khac biét dé cit nhiam tang kha ning nhan dang.

D6 chinh xac tmng vi: 99.89%
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Hinh 7. Giao dién két qua tir VietnamPrime

V. KET LUAN VA HUONG PHAT TRIEN

Chung t6i da xay dyng dugc mo hinh nhan dang dugc 4m nhac cbd truyén Viét Nam dya trén b dir liéu thu thap
dugc tr thue té Viée ap dung dugc cac md hinh hoc séu vao trong xay dung mé hinh cung véi viée két hop giai thuat
may hoc truyen thong da mang lai két qua kha t6t va dat do chinh xac tot nhat xap xi 95%. Vi cac mod hinh nay, ching
t6i ciing tién hanh xay dung mot website dé thu nghi¢ém thong qua viéc phén doan dugc cac khic nhac ¢b truyén Viét
Nam gitp cho ngudi dung co thé d& dang nhan biét dwoc cac loai nhac khac nhau. Didu d6 gitp cho moi ngudi ¢ mot
su tiép can d& hon véi cac loai hinh 4m nhac dang c6 nguy co bi ling quén nay. Trong twong lai, ching t6i du dinh mo
rong thém cac dong nhac ciung voi d6 1a thém cac 16p bl ciia cac 4m thanh khong phai 1a dong nhac truyén théng
(chang han, pop, rock...) d& hé thong dwa ra quyét dinh phai nhac ¢ truyén hay khong. Di nhién, v6i két qua nay s&
khong hoan toan tdt cho viéc nhan dang néu ngudi ding dua mot dong nhac cua nude ngoai vao hé thdng ma co giai
diéu twong tu. Do vay, chiing toi s& phat trién h¢ théng bang mo hinh phén ting trong nhing nghién ctru ké tiép. Ching
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t6i ciing s& phat trién thém cac ung dung thong minh nhim 6 kha nang tuong tac de dang véi nguoi dung, dac biét Ia
bd phan gidi tré ngay nay. V&i mong mudn cubi cung 1a ¢ gang duy tri va phat trién dugc cac dong nhac dugc xem
nhu tinh hoa van héa cia nude nha.
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VIPRIME: TRADITIONAL VIETNAMESE MUSIC RECOGNITION
APPLICATION WITH CONVOLUTIONAL NEURAL NETWORK

Tran Thanh Huy, Tran Minh Dat, Huynh Gia Khuong, Ma Truong Thanh,
Pham Nguyen Khang, Do Thanh Nghi

ABSTRACT: Intangible culture symbolizes both a nation's and its people's essence. Preserving intangible cultural heritage
attracts significant attention from researchers who propose effective solutions. With this perspective, we've focused on Vietnam's
traditional music genres like ca tru, don ca tai tir, hat cung dinh, and chéo. These forms of intangible culture are gradually fading,
with younger generations showing less interest. Recognizing the power of artificial intelligence, we've shifted our focus to help
preserve Vietnamese culture. Specifically, we've proposed a model combining classification and traditional machine learning to
identify traditional Vietnamese music. The core idea involves using a convolutional deep learning network to classify music genres
and suggest renowned works related to those genres while also providing relevant information. An algorithm for selecting
recognition results will be proposed in this study. Experimental results show that the classification performance of the deep learning
model achieves the expected effectiveness with an accuracy rate above 95%. Ultimately, this approach will be implemented on a
web platform.
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