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TOM TAT: Viéc phan logi tw dong am nhac theo thé logi co tam quan trong rat lom trong viéc tw dong hod qua trinh luu trit, sd'p
xép, tim kiém nguon thong tin khéng 16 vé am nhac. Viét Nam von c6 cdc lan diéu dan ca rat phong phii cho cd ba mién Béc - Trung
- Nam, trong d6 phdi ké dén ddn ca Quan ho Bdc Ninh. Bai bao trinh bay mét phwong phdp dinh danh mét s6 lan diéu dan ca Quan
ho Bdc Ninh bang cdch sir dung mé hinh GMM (Gaussian Mixture Model) voi cdc tham $6 ciia mé hinh bao gém cdc hé s6 MFCC
(Mel Frequency Cepstral Coefficients), nang luong va tan s6 co ban FO. Két qud cho thay ty 1é dinh danh chinh xdc cdc lan diéu
ddn ca Quan ho Béic Ninh ding trong thir nghiém phu thugc vao sé thanh phan hén hop ciia GMM. Viéc sir dung théng tin vé tan sé
co ban di lam tang dang ké 1y 1¢ dinh danh chinh xdc.

Tir khéa: Binh danh, am nhac, Quan ho Bac Ninh, GMM, MFCC, FO.

I. GIOI THIEU

Ngudn thong tin khdng 16 vé am nhac hién nay doi hoi can phai tu dong hod qua trinh luu trit, sap xép, tim kiém
cac thé loai 4m nhac. Viée tu dong hoa nay co thé duoc thuc hién dua trén xur 1y tin hi€u dm thanh ctia cac ban nhac,
bai ca twong tng. i c6 nhidu hudng nghién ciru theo hoc may va ky thuat phéan tich théng ké duoc str dung dé dinh
danh ty dong céc thé loai 4m nhac trén thé gigi [1], [2]. D4i vai kho tang dan ca Viét Nam, viéc ty dong hod qua trinh
dinh danh céc lan di€u dan ca dua trén xtr ly tin hi¢u hau nhu dang con ¢ giai doan khaoi dau [3]. Trong s6 cac lan diéu
dan ca Viét Nam, dan ca Quan ho Béic Ninh di duoc UNESCO cong nhén 1a di san vin hoa phi vat thé ctia nhan loai,
¢6 sb lugng rat phong phu ca vé lan diéu 13n phuwong phap thé hién. Cac phan tiép theo cua bai bao duoc t6 chirc nhu
sau. Phan II trinh bay khai quat vé cac hudng va két qua nghién ctru da dat dwoc vé dinh danh cac thé loai 4m nhac trén
thé gii. Thong tin vé& bd dit lidu cac lan diéu dan ca Quan ho Bic Ninh va mé hinh GMM dung cho nghién ctru dinh
danh s& dugc mo ta trong phan III. Phan IV 13 két qua thir nghiém dung mo hinh GMM véi cac tham s MFCC, ning
lwong, tan sb co ban dé dinh danh mot sb 1an diéu dan ca Quan ho Bic Ninh. Cudi cung, két luan va hudng nghién ctru
tiép theo duoc dua ra trong phan V.

II. KHAI QUAT VE PINH DANH TU PONG CAC THE LOAI AM NHAC

Viéc dinh danh am nhac ¢6 thé dugc thuc hién theo cac nhiém vu sau: phén 16p thé loai (genre), phan lop 16i
thirc (mood), dinh danh nghé si, nhén dang nhac cy, chu gidi am nhac [4]. C6 nhiéu bd phén 16p khac nhau da dugc st
dung dé thyc hién cac nhiém vu nay nhu: KNN (K-Nearest Neighbors) [5], [27], SVM (Support Vector Machine) [4],
[6], GMM [7], ANN (Artificial Neural Networks) [8], [9], [10], [11], LDA (Linear Discriminant Analysis)[12], [13],
[14], SRC (Sparse Representation-based Classifier) [15], [16]. C4c déc trung thudng dugc st dung cho céc bd phan 16p
nay bao gom cac dac trung trong mién tan sb va cac dic trung trong mién thoi gian. C6 the liét ké cac dac trung trong
mién tan s6 nhu: ty 16 blen thién qua truc khong (ZCR), trong tam phé (SC), do rong dai tan phd (SB),  duong bao phd
bién do (ASE), cac hé s6 song con (DWCH), cac h¢ s6 MFCC, cac h¢ s6 Cepstrum Fourier, cac hé s6 Cepstrum tién
doan tuyén tinh,... Cac dic trung trong mién thdi gian ¢ thé bao gdm: cic moémen thdng ké (SM), thong tin diéu ché
bién do (AM), cac thong tin cia md hinh tu hoi quy (ARM),...[4].

Dbi voi bo dir liu GTZAN [17] gdm c6 10 thé loai am nhac, mdi thé loai ¢6 100 doan am thanh va d6 dai mdi
doan 1a 30s, d6 chinh x4c phén loai cao nhat dat dugc 1 92,4% khi sir dung bo phan 16p SRC. Ciing véi bd dit lidu nay,
d6 chinh xac phan loai thap nhat 1a 60% véi bo phan 16p K-NN, con néu ding bo phan 16p GMM véi cac tham sb dac
trung STFT (Short Time Fourier Transform) + MFCC + nhip + cao d6 (pitch) thi dd chinh xac dat dugc 13 61%. Két
qua nghién ctru trong [18] cho théiy, cung véi bd dir liéu GTZAN d¢ chinh xac dat dugc cao nhit 1a 87,4% véi bd phan
16p SVM RBF Kernel.

Déi v6i bo dit liéu am nhac Indian Tamil [19] gdm c6 216 trich doan bai hat véi d6 dai mdi doan 1a 30s va tap
tham s6 dac trung 1a MFCC + Skewness + Kurtosis + Flux + Spectral Roll-off, d6 chinh xac dat dwgc v6i bd phan 16p
KNN 1a 66,23%. Vi b phan 16p SVM, d¢ chinh xac dat duoc 1a 84,21%.

1. DU LIEU DUNG CHO THU NGHIEM VA MO HINH GMM
A. B di ligu din ca Quan ho Bic Ninh dung cho thir nghié¢m

Dan ca Viét Nam la mot thé loai 4m nhac c6 truyén Viét Nam do chinh nguoi dan lao ddng sang tac trong qua
trinh lao dgng, sinh hoat doi thuong va dugc truyén miéng qua nhicu thé hé nén thuong c6 nhiéu di ban va phan lén
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déu khong rd tac gia. Nhitng lan diéu dan ca duoc sang tac & khip cic viing mién nén rat da dang vé giai diéu va phong
phi vé ndi dung. Dan ca gém nhiéu thé thirc hat nhu: hat ru, hat quan ho, hat xam, cac diéu ho, diéu ly, ddng dao, noi
tho, ngdm tho hay ca hat sac bua, diéu bong 10i,... Nét chung nhat ciia cic bai dan ca (¢ ca 3 mién Bic - Trung - Nam)
déu thé hién sy dan da, mc mac, mang am huong tinh cdm nhe nhang, ndi dung chira dung nhirng tdm tu, udc muon
hodc phan anh doi séng lao dong ciia ngudi nong dan, ngu dan; ton vinh nhirng gia tri tinh cam cao dep cua con ngudi
nhu: long thuy chung, hiéu thao, tinh yéu qué huong, thé hién tinh cam glua ngudi voi nguoi. Dé phan dinh va goi theo

LEINT3

vung mién hay tung tinh, ngudi ta phan dinh bang ‘ca tr”, bang “am giong”, bang cach “nhin nha”, “luyén lay”, “ngén

ERINT3

nga”, “ré giong”,... ma theo dac tinh chi ving mién hay tlnh d6 méi co thé hat dugc.

Trong kho tang dan ca Viét Nam, Quan ho Béc Ninh 14 thé loai dén ca phong phu nhét vé mit giai di¢u. Theo
thdng ké trong [20], c¢6 213 lan di¢u dén ca Quan ho duoc chia chu yéu thanh 3 giong: giong Lé 101 giong Gia ban va
giong Vat. Giong Le 16i gom 10 lan diéu va giong Gia ban gdm 20 lan di¢u. Giong Vit chiém sé lwong 16n nhat véi
183 lan diéu. Chi tiét hon vé cac lan diéu dan ca Quan ho Bic Ninh va di liéu dan ca Quan ho Béc Ninh dugc trinh bay
trong [3].

Dit liéu ding cho thir nghiém 1a 10 lan diéu Quan ho thudc giong Vit (1a giong phd bién va ngudn ngit liéu hién
¢6 phong pht hon so véi 2 giong con lai). Mdi lan diéu gdm 10 file ghi am véi 16i khac nhau va do 20 nghé s§ thuc
hién trong d6 c6 8 giong nam, 12 giong nit. Toan bd c6 100 file ghi Am voi thoi lugng khac nhau va tong thoi luong
khoang 100 phut. Céc file déu c6 tan s 1dy mau 16kHz, 16 bit cho mot miu.

Thuc ,nghiém phan loai tur dong duogc thuc hién theo phuong phap danh gia chéortrong d6 80% dir li€u dugc
dung cho huan l}lyén, 20% dir liéu qbn lai dugc dung cho nhén dang. Dir liéu dung cho huan luyén va nhan dang la doc
1ap véi nhau. Két qua nhén dang cuoi cung la trung binh cua 5 1an thr nghiém.

B. M6 hinh GMM

M6 hinh GMM da duoc sir dung nhiéu trong cic nghién ctru vé nhan dang nguoi noi, nhan dang ngdn ngtr, dinh
danh phuong ngtr, dinh danh thé loai 4m nhac,...[21]. M6 hinh GMM véi phan bd Gauss hdn hop c6 thé dugc xem la
xép chdng tuyén tinh ciia cac phan b Gauss nhu sau [22]:

K
p(X):Z”kN X 4, Zy) 3.1)
k=1

Khi st dung mé hinh Gauss hdn hop dé phan 16p dir liéu, x trong (3.1) la vector dit liéu chira tap cac vector
tham sé dic trung cua ddi twgng can biéu dién, trong d6 mdi phan tir cia tap co kich thuée D. 7K =1..K Ia cac

K
trong s6 ctia hdn hop thoa man diéu kién Zﬁk =1. M&i ham mat d6 Gauss N (X| £4,%, ) 1a mot thanh phan cua
=]

hén hop c6 trung binh 1a 24, va hiép phuong sai la 2, .

1 1 1 Tl
N (Xlluk'zk) = 7> eXp{_E(X_ﬂk) N (X_:uk)} 3.2

27)°" |12, |
Mo hinh GMM ddy du duge mé ta boi bo 3 tham sé A = {77, 14, %, |, k =1..K.

Dé dinh danh mét 1an diéu dan ca da dugc md hinh hoa bai A, cin xac dinh kha hién (likelihood)
N
p(x,A) =[] p(x,14) (3.3)
n=1

V6i N 14 sb lwgng vector didc trung va ciing 1a s6 lugng khung cua file 4m thanh cho mét lan diéu nao do.

Trén thyc té, A 1a ham phi tuyén nén can ding thuat giai EM (Expectation Maximization) [22] dé xac dinh A
sao cho log p(x | A) dat cuc dai.

IV. KET QUA THU NGHIEM
Céc thir nghiém trong bai bdo dugc thuc hién véi mo hinh GMM cai dét trong bo cong cu ALIZE [23], [24] va
céac tham so6 dugc su dung trong mé hinh da dugc tinh toan v4i cac bd cong cu SPro [25] va Praat [26].
A. B{ tham sé ding cho thir nghiém

’D&‘liéu dung qho huén luyén va thir nghiém dugc xwr 1y, trich cbon dac trung dé co 2 b6 tham sé.r Bo tharr} sb
thir nhat gom 60 h¢ s6 (19 MFCCs + nang luong = 20, dao ham bac nhat va dao ham bac hai cua 20 hé so nay). So hé
80 MFCC nhu vay ciing chinh 1a s0 luong baseline ctia md hinh GMM/UBM cua bd céng cu ALIZE [28]. B$ tham s
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con lai gdm 60 hé s trong bo tham sé thir nhat + 1 hé s6 1a tan s6 co ban FO. Ca hai bo tham sé nay da dugc dua vao
mo hinh GMM v¢i s6 thanh phan Gauss M thay d6i theo luy thra 2: M = 2™,m = 4,5, ...,13

B. Két qud dat dwoc

Dé thuan tién trong trinh bay két qua thir nghiém, cac lan diéu dan ca dugc ky hiéu bang cac chir cai tir a dén j
nhu sau:

a - An ¢ trong rirng f- Léng lanh

b - C6 ai xudi vé g - Ly thién thai

C - Ban tinh oi h - Nhé mai khon ngudi
d - Chim khén ddu ngon thau dau i - Ngoi tira man thuyén
e - bém qua nhoé ban j - Se chi luon kim

Thir nghiém dugc tién hanh véi 10 gia tri cia M. Sau ddy sé trich ddn ma tran sai nhdm cho 2 truong hop c6 M
nho nhat va 16n nhat.

Bang 1 12 ma tran sai nham d6i voi thir nghiém dung M = 16 cho hai bo tham sb. Trong truong hop st dung bd
tham s6 thir nhat, ty 1€ nhan dang dung trung binh dat 65%. Hai lan diéu b va i dugc nhan dang nham 13n nhau véi ty 1€
cao nhit. Céac lan diéu con lai duge nhan dang nhim sang b vai ty 1€ cao va nhan dang nham sang i voi ty 1€ thép hon.
C6 thé giai thich 1y do ciia diéu nay 12 hai lan diéu b va i déu c6 cing mot nhip. Hai lan diéu c6 ty 1¢ nhan dang dung
cao nhit 90% 1a a va g, lan diéu d c6 ty 1é nhan dang dung thdp nhit 1a 30%. Trong trudng hop st dung bd tham sd thi
2, ty 1& nhan dang ding 12 62%, giam 3% so v6i khi chua b sung tham sé FO.

Bang 1. Ma tran sai nhim déi vai thir nghiém ding M = 16 v6i hai bd tham sb

b) Str dung bd tham sb thir hai
c d e

Se

a) Sir dung bo tham sé thir nhét
c d e f
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Bang 2 la ma tran sai nham d6i vei thir nghiém voi gia tri 16n nhit cia M = 8192 cho hai bo tham s6. Ty 18
nhdn dang ding trong truong hop st dung bo tham so thi nhat 13 61%, c6 giam di so véi thir nghiém véi M nho nhat
cung bo tham s6. Con trong truong hop sir dung by tham s thir hai, ty 1¢ nhén dang ding la 79%, cao hon 17% so voi
cung thir nghiém v&i M nho nhat. Lan diéu b va i van c6 ty 1é nhan nham sang nhau 1a 16n nhat.

Bing 2. Ma tran sai nham déi vai thir nghiém ding M = 8192 véi hai bo tham sb

a) Str dung bo tham s thtr nhit b) Sir dung bo tham sé thir hai

a b ¢ d e f g h i | a b ¢ d e f g h i |
alela]2]s5[2]4]a4a[3]3]4 alwo[2]1[5]2]3]JofJof0]2
b|3[6|al6][6]7|[3[a]7]1 bl27]1l4]2]2]4]2]5]0
c|3|[4]7|6]5]6[3[3]5]1 cl1lols|1]1l2]lo0f]o]1]2
d|4[8|5[8]4|5[5][3]|[5]5 d|4]6|2]6]3[3[3][1]|5]4
e|4|3]4]3|6[3]a]l2][3]7 e|l1]3[4]5]|8[6]1]4]1]5
fl|3]2]5|4][3]6[3[5]4]2 fl2]2lal2]3[7]o0]1]1]1
gl2]o|3]2]2]2]4]3]3]1 glo|2]lo]lofJo]1]o]4a]6]0
h|s|[3[5]4la]s5]al8][3]2 hlo[1]olol2]0]4]lo]0]oO
i|3[6]6|3[5]4|]4a]5]6]1 ilole]2]3l1]lo]s]ol7]o0
jl3]1]2]3al2[a]a]3]a il2]2]o]l4a]3]0]3]0]1]sSs

bdi voi cac gia tri M con lai, viéc nhan dang nhim lan diéu b sang i va nguoc lai cling van tuan theo quy luat
trén tirc 13, ty 1€ nhan dang nham sang nhau cua hai lan di¢u nay la 16n nhat.
Hinh 1 1a két qua thir nghiém cho 2 b tham s véi s6 thanh phan Gauss M thay di theo quy luat M =

2™, m =4,5,...,13. V4i M thay ddi tir 16 dén 1282 ty 1€ nhan dang dung cta by tham b thir nhit cao hon so véi bo
tham s0 thtr hai. Tuy nhién, khi M thay doi tir 256 dén 8192 thi ty 1¢ nhan dang dung ctia bg tham so6 thi hai lai cao hon
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s0 v&i bo tham sb thir nhat. Nhin chung, véi bo 61 hé s6 ty 16 nhan dang dang ting khi ting M. V&i bo tham sé thir nhét
gom 60 h¢ so, ty 1€ nhan dang dung cling nhin chung téng Ién theo M cho dén M = 2048, song ty 1¢ nay lai gidm khi
M tiép tuc tang tir 4096 dén 8192.

Vi bo tham s6 thir hai, khi M ting tir gid tri nho nhit M = 16 dén gia tri lon nhat M = 8192, ty I¢ nhan dang
dung tdng dugc 17%. DY ting cua ty I¢ nhan dang ding trong pham vi M = 16 den M = 512 la 16n va dat 13%,
trong khi d6 d6 tang ty 1€ nay lai 1a nho trong pham vi M = 1024 ¢én M = 8192 va chi dat 4%.

V6i bd tham s6 thir nhét, khi M tang tir 16 dén 2048, ty 1é nhan dang dung ting 6%. Khi M c6 gié tri 16n nhat M
= 8192, ty I nhan dang lai giam di 4% so v&i truong hop M ¢6 gié tri nho nhat M = 16. Viéc lua chon sé thanh phan
Gauss M can phai dugc can nhic tuy theo dic trung ciia bo tham s dua vao mé hinh va dé chinh xac nhan dang cin
dat dugc. Mat khac, viéc Iya chon M cling tuy thudc vao gidi han thoi gian tinh toan. Néu M cang 16n thi thoi gian tinh
toan cang tang.

Két qua thir nghiém ciing cho thdy anh huong quan trong cua tham s6 FO dén do chinh xac nhan dang. Khi
M = 8192, ty 1¢ nhan dang chinh xac tang 1én 16n nhét 12 18% néu sir dung tham s6 FO. It nhat, ty 1¢ nhan dang chinh
xéc ciing ting dwoc 1% khi sir dung tham s6 FO voi M = 2048.
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16 32 64 128 256 512 1024 2048 4096 8192
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Ty 1é

—® =60 thams§ =61 tham s

Hinh 1. Két qua thir nghiém 2 bo tham sb voi sé thanh phan Gauss M = 16 = 8192
C. So sdnh véi mét sé phwong phép khéac

Trong mét nghién ciru khac da dugc cong bd [3], thu nghiém dinh danh dung cac phuong phap SMO,
MultiLayer Perceptron, MultiClass Classifier ddi véi mot sé lan diéu dan ca Quan ho Bic Ninh dat ty 1é nhan dang
ding trung binh nhu trong Bang 3 [3].

Bang 3. Tong hop két qué thir nghiém dinh danh véi SMO, MultiLayer Perceptron va MultiClass Classifier

Multilayer MultiClass
Perceptron Classifier

89% 86% 71%

Phwong phap SMO

Trung binh ty I¢
dinh danh dung

Bang 3 cho thdy, trung binh ty 1¢ dinh danh dting ctia hai phuong phap dung SMO va MultiLayer Perceptron
cao hon so v6i phuong phap dung GMM (v6i M = 8192). Tuy nhién, viéc so sanh chi mang tinh twong ddi, do viéc st
dung sb lugng tham s trong cac phuong phap dinh danh 13 khac nhau. Cu thé:

e Céc phuong phap SMO, MultiLayer Perceptron déu sir dung day du 384 hé sd, dugc trich rit tir bd cong cu
OpenSMILE, trong khi phuong phap GMM chi sir dung 61 hé sd.

e V6i md hinh GMM, viéc trich chon cac tham sé dugc thuc hién theo tung khung, trong khi d6 SMO,
MultiLayer Perceptron, MultiClass Classifier 14y thong ké 384 hé s cho toan bo mdi file.

V.KET LUAN

Bai bao da trinh bay cac két qua thir nghiém sir dung mé hinh GMM dé dinh danh mét s6 lan diéu dan ca Quan
ho Béc Ninh phd bién. Trong sé cac lan diéu da dugc thir nghiém, lan diéu “An & trong rieng” da c6 ty 1 nhan dang
chinh x4c cao nhit 1én dén 100%. Lan diéu “Chim khén ddu ngon thau dau” c6 ty 1& nhan dang dung thap nhét ciing
dat 20%. Ty 1€ nhan dang diing trung binh cta céc lan di€u dat dugc ¢ mirc kha quan so véi mot $6 hé théng phan loai
am nhac da duoc thuc hién. Mit khac, két qua thir nghiém ciing cho théy anh hudng quan trong, lam tang d¢ chinh xac
nhan dang cua tan s6 co ban FO ddi véi cac lan diéu dan ca Quan ho Béc Ninh. Hudng tiép theo cta nghién ciru sé& 1a
thir nghiém mét s6 mo hinh phén loai &m nhac cho dan ca Quan ho Bic Ninh va mot s6 lan diéu dan ca khac trong d6
khai thac mé hinh hoc sdu dé nhan dang.
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Nhom tac gia xin chan thanh cam on sy hd trg cia Trung tdm Nghién ctru khoa hoc va Ung dung cong nghé -

Trudng Pai hoc Su pham K¥ thuat Hung Yén dé hoan thanh bai bao nay.
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GMM FOR AUTOMATIC IDENTIFICATION OF SOME
QUAN HO BAC NINH FOLK SONGS

Chu Ba Thanh, Trinh Van Loan, Nguyen Hong Quang

ABSTRACT: Automatic identification of music genre is of great importance in automating the process of storing, organizing and
searching for vast amounts of information about music. Vietnam has folk songs that are very rich for all three regions of North -
Central - South, including Quan ho Bac Ninh folk songs. This paper presents a method for identifying some of Quan ho Bac Ninh
folk songs using the Gaussian Mixture Model (GMM) with model parameters including Mel Frequency Cepstral Coefficients
(MFCCs), energy and fundamental frequency FO. The experiment results showed that the exact identification scores depend on the
number of mixture components. The use of fundamental frequency information increased considerably the exact indentification
score.



