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ABSTRACT

These days, digital music storage systems (DMSS) in Vietnam usually arrange
pieces of music according to the composer’s name and the song’s title,
whereas listeners need to search for songs based on genres and contents. This
increases the demand for categorizing songs in accordance with genres in
DMSS, which enables listeners to search for the most wanted music. However,
with a large number of songs collected, the way to classify them for easy
management becomes a challenge for all DMSS. Therefore, it is necessary to
build up an automatic sorting system. This paper suggests a new method of
extracting specific timbral disposition including timbral texture, rhythmic
content by using wavelet convert. Thanks to such distinctive features, KNN
and SVM methods are utilized to identify types of music files. This study is
conducted on four types of music: Bolero, Cai luong (reformed theatre), Cheo
(classical theatre) and Hat Boi (traditional opera). The findings show that the
reliability is up to 93.75% and 94% corresponding to KNN and SVM on the
timbral texture. Moreover, these suggested methods are simple, effective,
speedy, and suitable for Vienamese music sorting systems today.

TOM TAT

Hién nay, cdc hé thong luu trit nhac sé Viét nam thuong sdp xép cdc ban nhac
theo tén nhac si hodc theo tén bai hat trong khi nguoi nghe nhac ciing can tim
kiém cdc ban nhac theo thé loai va ndi dung. Piéu nay di ndy sinh nhu cau
phan logi nhac theo thé logi trong cdc hé thong heu triv nhac s6 dé cho phép
nguoi nghe nhac c6 thé tim kiém ban nhac theo yéu cdu. Tuy nhién, vdi so
lwong l6m nhac s6 suu tap duoc, viéc phan logi ching aédé dang quan ly tro
thanh mét thach thire doi véi cdc hé thong luu triv nhac 50. Bleu nay cho
thay viéc xdy dwng mét hé thong phan logi nhac tw déng la rat can thiét. Trong
ludn van nay, ching téi dé xudt phwong phdp rit trich tdp déc trung bé cuc
dm sdc cia tin hiéu audio bao gom két cdu dam sdc (timbral texture) va nhip
diéu (rhythmic content) sir dung phép bién déi wavelet roi rac. Dia trén tdp
ddc trung nay, phieong phap KNN va SVM dwoc sir dung dé nhan dang thé
loagi cia cdc tdp tin nhac. Nghién ciru cia chung téi thuc hién minh hoa trén
bén thé loai Bolero, Cdi lwong, Chéo va Hat boi. Két qua thue nghiém cho
thay do chinh xac la 93,75 % va 94 % doz voi phuong phap phdn logi KNN
va SVM tuwong g trén tdp dac trung vé bé cuc am sdc. Hon nita, phirong
phép dé xudt nay don gian, hiéu qua va cé thoi gian thuee hién nhanh phit hop
cho cac hé théngpha”n logi nhac Viét hién nay.

Trich dan: Phan Aph Cang, Nguyén Thi Kim Khanh va Phan Thuong Cang, 2017. Phan loai nhac Viét Nam
theo thé loai dya trén am sac va nhip di€u. Tap chi Khoa hoc Trudong Pai hoc Can Tho. S6 chuyén
de: Cong nghé thong tin: 145-154.
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1 GIOI THIEU

Trong nhitng nim gan day, ciing véi sy phat trién
ctia cong nghé thong tin, so lugng ban nhac dudi
hinh thtrc dir liéu audio trong cac kho dir li¢u 16n,
trén Internet, dang ngay cang gia tang nhanh chong.
Thong thuong ¢ Viét Nam, muon biét mot bai nhac
thudc thé loai nhac nao, chung ta thuong dua vao
kinh nghiém cua nguoi nghe. Tuy nhién, dé biét
duoc diéu do, chung ta thuong tim té€n bai hat, tac
gia, ca si hat bai hat dé xac dinh xem bai hat d6 thudc
thé loai nhac nao. Vi nhu khi ta nghe mot bai hat cuia
mot tac gid chuyén sang tac nhac thudc thé loai dan
ca, ta qui bai hat do thudc thé loai nhac dan ca. Hodc
1a, khi ta nghe mot bai hat do mot nghé si chuyén hat
nhac kich - cai luong, thé 1a ta qui bai hat thudc thé
loai cai luong. Ngoai ra, viéc phén loai nhac c6 thé
dua vao cac loai nhac cu duoc st dung trong ban
nhac. Tuy nhién, v6i sy phat trién ctia cong nghé, )
luong bai hat cang nhiéu, ching ta khong thé nghe
ting ban nhac dé két luan né thudc thé loai no. Viéc
nghién ctru mot hé théng phan loai tu dong nhac
Viét Nam dé tng dung trong cac hé thong suu tap
nhac Viét theo thé loai (chang han nhu Website nhac
Viét online) nham gidi thi€u nhac Viét cho cac ban
yéu thich 4m nhac trén thé giGi.

Trong kho tang van hoa nghé thuat, am nhac Viét
Nam thuc su da dang va phong pht (Pham Thi Hoa
va Ngd Thi Nam, 2006; Pham Thi Hoa, 2007). N6
1a mdt trong cac bd moén nghé thuat gido duc cai dep,
giao dyc tinh cam thim my, 1am phong phu thém doi
song tinh than, cam thy céi dep, tao niém tin,... cho
con nguoi. Bén canh do, am nhac da tro thanh mot
loai hinh sinh hoat van hoa ngh¢ thuat quen thude
cua ngudi dan Viét Nam. Boi nd nudi dudng doi
song tinh than dan toc bang cai chat trir tinh dam
thim sdu sic. N6 1a su két hop ctia hang loat yéu t6:
hat, muaa, nhac, kich,... mang tinh dam da ban sdc
dan toc.

Nhiéu nghién ciru di dua ra cac ¥ tudng phat
trién mot hé thong ma né co thé truy tim thong tin
nhac trén Internet mdt cach ty dong sao cho céac ban
nhac tim thy tuong ty v6i bd suu tap clia nguoi sir
dung, tim cac ban nhac c¢6 cac dic trung gan gidng
v6i cac dic trung ma ngudi st dung mong mudn,
chu thich tu dong céc tap tin nhac vdi nhitng mo ta
vé thé loai,... Chang han, Y.M.D. Chathuranga va
K.L. Jayaratne Musical (2013) da xay dung hé
thdng phan loai nhac theo thé loai va tap trung vao
viéc phan tich thong tin tir cac tin hiéu audio. Nhém
nghién ciru nay trinh bay cach tiép cén trich loc cac
dac trung tir tin hiéu audio va may hoc phuc vu cho
viéc phan loai ty dong thé loai nhac, trong do
phuong phap phéan loai Support Vector Machine
(SVM) (Pb Thanh Nghi, 2008) (Tao et al. 2010) véi
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ham nhén da thirc dugc st dung. Hé thdng nay co
thé nhan duoc mot bd suu tap nhac theo thé loai
bang cach tra cac ban nhac vao hé théng phan loai
nhac tu dong. Cac tin hiéu audio dugc phan loai mot
cach tu dong thude 1 trong 10 thé loai nhac phd bién
trén thé gii voi bo dir liéu GTZAN va ISMIR2004
(Tzanetakis et al, 2001; Tzanetakis and Cook,
2002). Két qua cho thy viéc sir dung phuong phép
SVM véi d6 chinh xac da thu duoc 81%. Bén canh
do, Rini Wongso and Diaz D. Santika (2014) nghién
ctru két hop tinh ning Tree Complex Wavelet
Transform (TCWT) va SVM. Nghién ciru nay tap
trung vao viéc phan loai bdn thé loai nhac: Pop,
Classical, Jazz va Rock bang cach sir dung cac chi
s6 thdng ké vé trung binh, d6 léch chuan, phuong
sai, va entropy cua cac dac trung tin hi¢u nhac. D
lidu dugc str dung trong nghién ctru dugc lay tir tap
GTZAN. Dya trén cac két qua thir nghiém, phuong
phap nay dat dugc do chinh xac 88,33%. Ngoai ra,
nhiéu nghién ctru khac dya trén tip cac dac trung
lién quan nhip di¢u, am sdc, do cao th?ip ndt nhac,. ..
nhim nang cao ty I¢ nhan dang, phan loai.

Trong bai bdo nay, ching tdi tap trung nghién
ctru xay dung hé thdng phén loai nhac tu dong dé
phan loai cac ban nhac thudc mot trong cac thé loai:
nhac Bolero Viét, Cai luong, Hat bdi va Chéo dua
trén céc dac trung vé bd cuc am sdc. Vi khi dua cac
tin hiéu 4m sic vao dao dong dién tir ta s€ duoc trén
man hinh nhitng dudng cong lién tuc c6 cung tan sd
nhung c¢6 dang khac nhau (Anan et al. 2011). Ngoai
ra, cac loai nhac Cai lvong, Hat bgi, Chéo la cac loai
nhac dic trung cho ba viing mién (Cai luong- mién
Nam, Hat boi- mién Trung, Chéo- mién Bic) va
nhac Bolero Viét 1a dong nhac dang dugc nhiéu tﬁng
16p dan chung & cac ving mién yéu thich. Chung toi
sir dung phép bién doi wavelet roi rac (DWT) dé
phan tich tin hi€u audio dung cho viéc xac dinh cac
dac trung vé nhip di€¢u. N6 ¢ thé ap dung mo rong
ddi véi cac thé loai nhac khac hodc xay dung cac hé
thong truy van thong tin nhac dwa vao ndi dung,
kiém tra viéc sao chép ban quyén nhac,... Chung toi
cling trinh bay viéc lua chon céc déc trung phu hop
vi chiing anh huong dang ké dén d¢ chinh x4c phan
loai.

2 CAC NGHIEN CUU LIEN QUAN
2.1 Dic trung nhac Viét

M&i thé loai nhac 1a mot tap cac déc trung chung
ma ngudi nghe ¢ thé phan biét nd voi nhimg loai
nhac khac tir nhitng ban nhac khac nhau. Nhirng dac
trung c6 thé ké nhu: d cao thap ndt nhac (pitch),
am sdc (timbres), nhip di€u (rthythm) cua ban nhac
hodc nhimng dic trung lién quan dén bd cuc nhac
(music texture). Mot trong nhitng thach thirc trong
phan loai thé loai nhac tu dong 1a tim ra cac dac
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trung d6. Nhu chiing ta da biét, thinh giac cua ta
phan biét dugc nhiing 4m thanh co6 tinh nhac va am
thanh c6 tinh chét tiéng dong (Pham Thi Hoa va Ngo
Thi Nam, 2006) nhu tiéng song vo, tiéng gd, tiéng
nhac cy... Am sic (timbres) 13 mot thudc tinh cua
am thanh. M&i nhac cu hodc mdi giong hat déu ¢
am séc riéng. Sy khac biét ciia am sdc phu thudc vao
thanh phan cta cac 4m thanh nhu giong hat va nhac
cu (nhac cu day, dung cu gio, cac nhac cu go... ).

Trong bai bao nay, do giéi han thoi gian, chung
t6i tap trung nghién ctru xay dung hé thong phan loai
nhac tu dong dé phan loai cac ban nhac thuéc mot
trong céc thé loai: nhac Bolero Viét, Cai luong, Hat
boi va Chéo duya trén cac dic trung vé bd cuc am sic
va nhip nhac. Vi khi dua céc tin hi¢u &m sdc va nhip
nhac vao dao dong dién tir ta s€ dugc trén man hinh
nhitng dudng cong lién tuc ¢ cing tan s6 nhung ¢
dang khac nhau. Viéc phan loai cac ban nhac khong
don thuan chi x4c dinh thudc mot trong cac thé loai
nhac cia thé gidi nhu: Rock, Classical, Jazz,... ma
céc ban nhac c6 thé c6 sy pha tron ctia nhiéu thé loai
tham chi c6 nhiing thé loai nhac Viét khong thude
céc thé loai trén (nhu cai luong, cheo, dan ca,...).
Day that sy 1a thach thirc ddi v6i cac hé théng phan
loai nhac Viét. Ngoai ra, van dé dit ra dbi voi chung
ta 1a: cAn tim ra tap cac dac trung vé am nhac, dac
biét 12 dbi v&i nhac Viét Nam, tir d6 dua ra cac thuat
toan rut trich cac dac trung tir tin hi€u audio phuc vu
cho viéc phan loai nhac. Dé giai quyét bai toan nay,
viéc nghién ciru phan loai ty dong nhac Viét Nam
theo thé loai 1a hét sirc can thiét va dap Gmg nhu cau
thuc tién.

2.2 Phép bién dbi wavelet roi rac

Phép bién d6i Fourier thudng dung cho phén tich
cac tin hi¢u audio. Tuy nhién, n6 c¢6 han ché 1a ta
khong thé biét dugc tai mot thoi diém s& xuat hién
nhiing thanh phan tan s6 nao. Dé khic phuc nhugc
diém nay, cac nha khoa hoc sir dung bién d6i STFT
(Short time Fourier transform). Theo dod, tin hiéu
dugc chia thanh cac khoang nho va dugc bién d6i
Fourier trong tirg khoang d6. Phuong phap nay cé
han ché 1a viéc chon do rong cla cac khoang tin hi¢u
phan chia sao cho phu hop vi néu do rong ndy cang
nho thi d§ phén giai thoi gian cang t6t nhung phén
giai tan s cang kém va nguoc lai. Dé khic phuc ca
2 phuong phap trén, bién doi wavelet ra doi. Bién
ddi wavelet (WT) dugc thyc hién nhu sau: tin hiéu
duoc nhan véi ham Wavelet (tuwong tu nhu nhén voi
ham ctra s6 trong bién d6i STFT), sau d6 thuc hién
phan tich riéng r€ cho céac khoang tin hi¢u khac nhau
trong mién thoi gian tai cac tan so khac nhau.

Phép bién d6i wavelet roi rac (DWT) 1a mot

truong hop dic biét caa WT. Bién doi Wavelet dua
ra giai phap linh hoat nhu sau: thanh phan tin hi¢u
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tan sd cao s& phan giai tot hon trong mién thoi gian,
con thanh phﬁn tin hiéu tan sd thép, s€ phén giai t6t
hon ¢ mién tan s6. N6 cung cép mdt cach bleu dlen
tin hiéu dudi dang nén trong mién thoi gian-tan s6
giup cho viéc tinh toan mét cach nhanh chong va
hi€u qua. DWT thyc hién phan tich da phan giai mot
tin hiéu audio x thanh 2 thanh phéan: thanh phan tin
hiéu thé A (coarse approximation) twong Ung vdi
thanh phan tan s thap yiow va thanh phan tin hiéu
chi tiét D (detail) twong tng véi thanh phan tan sd
cao0 Ynign (Tzanetakis et al., 2001). Sau d6, thanh
phan tin hiéu thé tiép tuc dugc phéan tich tuong tu.
Nhu vay, mot tin hiéu c6 the s€ chura cac tan sO va
tin hiéu khac s& chira cac tin s trong pham vi 16n
hon. Tiép tuc dua hai tin hiéu nay qua bd loc
Lowpass va Highpass s& cho két qua 1a 4 tin hiéu
thanh phan. Tiép tuc cach 1am nay, cudi cing ching
ta duoc mot sb tin hiéu thanh phan ma mdi tin hiéu
chtra 1 ving tan s6 xac dinh. duoc biéu dién dudi
dang tong ctia thanh phén tin hi¢u tho va cic thanh
phan tin hi¢u chi tiét. Qua trinh phan tich nay dugc
thuc hién boi cac bo loc bang tan cao va thap ddi voi
tin hiéu x nhu biéu dién trong Hinh 1.

(10.000Hz-20 D00Hz) (15kHz-20kHz)
HPF 22
=4(t)

LPF22

x3(t)
x(t)
(0Hz-20.000Hz) HPF21

=200

x1(t)

LPF2.1

(0Hz-10.000Hz) (0Hz-5 000Hz)

Hinh 1: Tin hiéu x(t) dwgc dua qua cac b loc
Lowpass va Highpass

Viéc tinh toan cac hé s Wavelet cua tin hiéu
audio 1a mot cong viéc hét sirc phuc tap. Dé giam
thiéu cong viéc tinh toan nguoi ta chi chon ra mot
tap nho cac gia tri va cac vi tri dé tién hanh tinh toan
cu thé nhu DWT chia tin hi¢u thanh hai thanh phén:
thanh phan xap xi (tan s6 thdp) va thanh phan chi
tiét (tan s6 cao) trong ngudng nghe dugc cia con
ngudi. Cong viée nay 1a hoan toan co thé thyuc hién
dugc nho phép bién d6i Wavelet roi rac (Discrete
wavelet transform - DWT). Do d6, viéc tinh toan
DWT thuc chét 12 sy roi rac hoa bién d6i Wavelet
lién tuc cua tin hiéu.

Trong giai doan huan luyén, ching ta s& rat trich
dac trung tir cac tap tin nhac trong b suu tip nhac
mau da duoc biét trudce thé loai va luu trit cac dic
trung d6 dé huén luyén nhim giam chi phi tinh toan
cho viéc rat trich dic trung cac tap tin nhac mau mdi
khi nhan dang.
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2.3 Phuong phap phan loai KNN

C6 nhiéu phuong phap phan 16p nhu: KNN,
SVM, Bayes, HMMs, Gaussian,... Trong nghién
clru nay, chung t6i str dung phuong phap K-NN va
SVM vi n6 don gian va duoc st dung pho bién trong
cac bai toan phan 16p. Phuong phap KNN cho phép
bd sung mAu huén luyén méi vao b huan luyén dé
dang va hi¢u qua khi tap huén luyén 16n. Bén canh
d6, bd huin luyén dugc huén luyén tr chinh cac
vecto dac trung rat trich tir tin hi€u audio. N6 xu ly
tbt voi tap dir liéu nhiéu do dya trén khoang cach
giita cac vecto dic trung dé quyét dinh phan 16p, do
d6 nd phu hop vé6i hé théng phan loai nhac.

Phuong phdp K-NN xem cic mau (vecto dic
trung) nhu 1a cac diém biéu dién trong khong gian
déc trung n chiéu (Hinh 2). Khoang céch gilra mau
can phén loai x va k miu lang giéng y 1 d(x, y) dugc
xac dinh dua trén khoang cach khong gian. Thong
thuong, nguoi ta dung khoang cach Euclide dé xac
dinh khoang cach giita cic miu trong khong gian
dac trung dugc xac dinh boi cong thire (1).

dx,y) =fe—yf= [> -3y
B (1)

A

1 4
2 3
4 3 4
X ,2/"'1_-_1_251‘\\&7:7
e 3 1)~
’ 3 [ 1
I\ ‘\X A 1 J
\\ 2 3 /’I

Hinh 2: M6 hinh phin l6p K-NN

Xac suat mau x thudc vao thé loai ci duoc xac

dinh bai cong thue (2):
z wy
p(c; |x) = yeK.ye=¢c; 2)
z wy
yek

Trong d6: wy= (1/d(x,y)); K 1a mét tap hop k
mau lang giéng gan x nhat; yc 1a thé loai cta y; ci la
thé loai thu i.

2.4 Phuong phap phan loai SVM

SVM (Support Vector Machine) (D6 Thanh
Nghi, 2008; Tao et al. 2010) 1la mdt khai niém
trong théng ké va khoa hoc may tinh cho mét tap
hop céac phuong phap hoc c6 giam sét lién quan dén
nhau dé phan loai va phan tich hdi quy. SVM la
mot thuat toan phan loai nhi phan, SVM nhan di
liéu vao va phan loai ching vao hai 16p khac nhau.
V61 mot bd céac vi du luyén tép thudc hai thé loai cho
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trude, thudt toan luyén tap SVM xdy dung mot mo
hinh SVM dé phan loai cac vi du khac vao hai thé
loai d6. Viéc str dung phuong phap may tua vector
SVM trong viéc phan loai dit liéu hién dang dugc ap
dung trong rét nhiéu linh vyc.

Phuong phap tua vector anh xa céc vector dau
vao x sang khong gian dic trung c6 sd chiéu cao
hodc v6 han chidu (z = ¢(x)) sau d6 xay dung mot
siéu phang t6i vu w.z + b = 0 dé phan loai dir lidu
thanh hai lop. Trong do,  k(xi, X)) = ¢ (x;). ¢ (x;) 1a
ham hat nhan (kernel function) thuc hi¢n anh xa phi
tuyén.

Mot s6 ham hat nhan thuong duge st dung 1a:

Gaussian kernel:

=1
k{ xj,x ; |=exp| (3)
(rstbos] 2%
— Polynomial kernel:

d

k(x,, )(l+xl ]) “
— RBF kernel:
{3 Jrexp( 7117 5)

Hinh 3: Phwong phap phan loai SVM

Chung t6i sir dung két qua phan loai khi sir dung
SVM véi ham nhan RBF lam gia tri cia ham muc
tiéu. Khi st dung SVM v6i ham nhan RBF c6 hai
tham sé can dugc thiét 1ap trudc d6 1a tham sb C va
tham s y. Ching t6i st dung phwong phap thuc
nghiém dé xac dinh cac tham s C va y ti uu cho
timg tap dit lidu dau vao.

3 XAY DUNG HE THONG PHAN LOAI
NHAC THEO THE LOAI

Trén thuc té, tat ca cac dic trung cda tin hi¢u
audio khi dua truc tiép vao cac mé hinh phan loai s&
lam giam di 1 rét téc d6 huan luyén va phan loai.
Rut trich ddc trung 1a mot trong nhimng k¥ thuat tién
xtr Iy tin hiéu nhac dwoc str dung phd bién trong viéc
phan loai. Qua trinh rut trich s& khir nhiéu tin hiéu
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va chi chon cac thong tin can thiét cho viée phan loai
nhac. Ngoai ra, viéc chon loc dic trung dugc dung
dé tao ra mot tdp con dac trung tir dir liu dau vao
nhim lam ting hiéu qua vé mit thoi gian trong viée
nhéan dang vi né 1a tién trinh tu dong hoa dugc dung
dé giam sb chiéu dir lidu sao cho dit liéu dau vao
dugc chuyén d6i sang dang don gian va nho hon
trude khi dua vao mo hinh phan loai.

Hinh 4: So d6 rut trich dic trung tir mjt
tin hiéu nhac

Rit trich
ddc treng T

Chon loc
dic trung

Nhiéu nghién ctru da dé xuat cac dic trung cia
tin hiéu audio dé nhan dang, phan loai trong cac h¢
thong nhan dang, phan loai khac nhau. Mdi nghién
ctru déu dua ra mot sd cac dic trung cda tin hi¢u
audio va phuong thirc sir dung dé phan loai. Cac dic
trung cua tin hi¢u audio thuong dugc chia lam hai
nhom chinh: céc dic trung trong mién thdi gian —
tan sb va cac dic trung cam thy am thanh cta con
nguoi (nhip diéu, cao dd) (Wongso and Santika,
2014). Trong bai bao nay, ching t6i xay dung hé
théng phan loai nhac dya trén hai tip dac trung nhu
sau:

— Céc dic trung vé am sic (Timbral Texture
Features).

— Céac dic trung vé nhip diéu (Rhythmic
Content Features).
3.1 Dic trung vé Am sic

Tap ddc trung vé am sic duoc sur dung dé biéu
dlen cac dac trung cua 4m nhac lién quan dén tlet
tu, am sdc va nhac cu. Vecto dic trung vé 4m sic
duoc sir dung trong hé thong phén loai ctia chung t6i
bao gdm 19 chiéu vdi cac dic trung: (Trung binh va
d6 1éch chuén cua Spectral Centroid, Rolloff, Flux,
ZeroCrossing, LowEnergy, va Trung binh va d¢
1éch chuan ciia 5 hé s6 MFCC dau tién). Trung binh
va d6 1éch chuédn cia cac dic trung nay dugc xac
dinh dua trén STET vd&i cac cira sb phén tich chia tin
hiéu dau vao c6 d6 dai 1s thanh cac doan nho khoang
20ms. Sau day la cac dac trung dugc xac dinh trén
mdi cira s0 phan tich:

a. Pac trung 1: Spectral Centroid

Spectral Centroid 1a mt d§ do lién quan hinh
déang cua phé tan s. N6 xac dinh diém can bang cua
phé tan s6. Gia tri Centroid cao tuong tng voi phd
cb do sang chéi hon va chira nhiéu tan sd cao.
Spectral Centroid dugc xac dinh boi cong thie (6):
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N
2 M[n]n
_n=l1
Cl_nNi
X Mq[n]

n=1

(©6)

‘Trong do: Mt [n] 1a bién dg cua tan sb thir n trong
phé tan sb twong ing véi cira s t.

b. Pac trung 2: Rolloff

Rolloff ciing 1a mot d¢ do lién quan hinh dang
ctia pho tan s. Diém Rolloff ciia phd tan sd (Rt)
dugc dinh nghia nhu tan s bién ma & d6 85% phan
bd ning luong duge tip trung trong pho la dudi
diém nay. Cong thirc (7) xac dinh Rt - diém Rolloff
ctia pho tan so.

Ry N
S M([n}=085 T M[n] )
n=l1 n=l1

c. Ddc trung 3: Flux

Flux duoc xem la d6 bién thién phé, cho biét sy
thay d6i vé bién do tan sd cua phan phdi quang phd
giita hai ctra s6 phan tich lién tiép. N6 duoc x4c dinh
1a binh phuong hiéu giita cac bién d6 chuén cia tan
s trong phd va duoc x4c dinh boi cong thirc (8).

N
F= X (NN o))

n=1
My[n]

,gl(M’[i]z)

Vi Nt[n] va Nt-1[n] 1a bién d6 chuan cua tan sd
thir n trong pho tan s6 & cira s6 t va t-1 tuong tng.

®)

Ny[n]=

d. Ddc trung 4. Zero-crossings

Zero Crossings cho biét mirc d6 dn (noisiness)
cua am thanh trong tin hi¢u. N6 xuét hién khi cac
méu k& nhau trong tin hi¢u khac ddu. N6 duoc xac
dinh boi sb 1an tin hiéu audio vuot qua tryc zero trén
mdt don vi thoi gian va dugc tinh bdi cong thue

1N :
Zy= X Isign(x{n])-sign(x{n-1)) va

n=l1 (9)

1 x[n]>0

sigl’l(x[”]){o x[n]SO

x[n] 1a tin hi€u trong mién thoi gian doi véi clra
sO t.
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e. Ddac trung 5: Low-Energy

Khéc véi cac dac trung trén, dac trung Low-
Energy duoc xac dinh trén toan b tin hiéu mién thoi
gian. N6 1a ti 18 phan trim cua céc cira s6 phan tich
c6 RMS (Root-Mean-Square) niang luong thip hon
RMS trung binh nang lugng cla cac tin hiu trong
c4c ctra s6 phan tich. Trong d6, RMS ning luong
cta tin hiéu & ctra s6 t duoc xac dinh boi cong thic

(10):

N 2
X (M[i17)
RMS; =\ =L (10)
N
f Bdc trung 6: Cdc hé s6 MFCC (Mel-
Frequency Cepstral Coefficients)

MFCC la mdt trong cac tap dac trung dugc dung
pho bién trong cac hé thong nhan dang giong noi,
truy tim thong tin nhac,... N6 cung cap cach biéu
dién nén tin hiéu audio dudi dang phd sao cho hau
hét nang lwong cua tin hiéu duoc tap trung vao cac
hé s dau tién. Hinh 4 mé ta cac bude thyc hién rat
trich ddc trung MFCC tir tin hiéu audio. Chi tiét vé
phuong phap rat trich déc trung MFCC (Logan and
Beth, 2000) mo ta trong Hinh 5.

Bién déi
zang thang
Mel

Fast Fourier
Transform
(FFT)

Tin hidu audie Chia nhd
———»{ thanhcic
cira 50

Phin tich
Cepstral

MECC

> > —»

Hinh 5: So' 6 rat trich dic trung MFCC

Két qua thu dugc 1a mét tap ddc trung MFCC
gbém 13 hé sb. Tuy nhién, nhiéu nghién ctru (Li er
al., 2003) cho thdy 5 hé s MFCC dau tién cung cép
kha day da thong tin cho viéc phan loai nhac theo
thé loai. Vi vy, dé giam sb chiéu cho vecto dic
trung, chung t6i chon 5 hé s6 MFCC du tién cho hé
thdng phén loai nhac theo thé loai ciia chung t6i.

3.2 Dic trung vé nhip diéu nhac

Vecto dic trung vé nhip diéu cung cap rat nhiéu
thong tin ¢6 ich vé dic diém cua cac thé loai nhac.
Hau hét cac hé théng do tim nhip diéu nhac cung cap
cac thuét toan xac dinh nhip di€u clia ban nhac va
cuong do cia ching. Bén canh d6, chiing con cho
biét mi lién hé giita cac nhip ciia ban nhac. Trong
bai bao nay, ching toi s dung phuong phap xac
dinh tap dic trung vé nhip diéu nhac duoc dé xuat
bdi George Tzanetakis (Tzanetakis et al., 2001)
trong viéc phan loai nhac theo thé loai. Phuong phap
nay dua trén viéc do tim cac chu ky (don vi: bpm -
s6 nhip/phiit) c6 bién d6 16n nhit cia tin hiéu. Tin
hiéu audio X dugc chia nho thanh cac tin hiéu thanh
phan Xi boi cira sd phan tich c6 kich thudc 65536
mAu véi tan s ldy mau (sampling rate) 1a 22050 Hz
tuong ung xap xi 3s. Sau d6, thuat toan xac dinh
nhip diéu nhac duoc ap dung ddi voi mdi Xi nhu
biéu dién trong Hinh 5.
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Quad trinh x4c dinh nhip di€u nhac trén tin hi¢u
audio dugc ap dung 1ap di 1ap lai trén céc tin hi¢u
thanh phan Xi va tich lily vao trong biéu do nhip
diéu BH. Tap céac dinh cao nhat ciia ham ty twong
quan tao nén biéu d6 nhip diéu nhac dugc st dung
lam co s& cho viée xac dinh cac dic trung vé nhip
diéu. Trong do6, cac dinh cao nhat trong BH twong
ung vdi cac chu ky khac nhau cua tin hi€u audio 1a
cac nhip chinh cua ban nhac.

Xi

DWT

Céc tin hidu thanh phé\r. twong img cdc bing tin khic

G

FWE

LFF

MR

Hinh 6: So' @6 khoi xic dinh Histogram nhip
di€u nhac

Xac dinh cac dic trung vé nhip diéu:

Vecto dac trung vé nhip diéu la mdt vecto 6

chiéu gom céc dac trung:
_Al, A2: Déc trung nay l1a d6 do su khac
nhau vé nhip so voi Cég nhip con lai cua tin‘hiéu. N6
duoc xac dinh boi ti»sé giira bién do cﬁa lan luot 2
dinh D1 va B2 véi tong bién dd cua tat ca cac dinh
trong BH.

— RA: la ty s giira bién do cua dinh D2 véi
bién d6 cua dinh D1. Dac trung nay biéu dién moi
quan h¢ gitra nhip chinh va nhip phu dau tién.

— P1, P2: Chu ky ctia dinh B1 va B2 duogc tinh
bang so nhip trong 1 phut (don vi tinh: bpm).

SUM: Téng bién d cua cc dinh trong BH.
Péc trung nay cho biét d¢ manh ctia nhip nhac.

(B Figore 1
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Hinh 7: Quang pho vé 4m thanh ciia 1 ban Chéo
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Hinh 8: Quang pho vé Am thanh ciia 1 ban Cai lwong

4 KET QUA THU'C NGHIEM
4.1 Tip dit li¢u ding cho huén luyén va
kiém tra

Trong nghién ctru nady, nghién ctiru thtr nghiém
trén dir li€u duogc tai tir cac trang web co6 chira nhac
Viét Nam http://youtube.com, trang nhac
http://nhacvui.com.

Dit liéu tai vé duoc luu lai dudi dang file *.mp3,
* mp4, thudc 4 loai nhac dic trung truyén thong cua
Viét Nam (mdi loai c6 trén 300 file), tao thanh tap
dir liéu trén 1200 file nhac, dir liéu duogc chuyén vé
dang file *.wav bang phin mém chuyén do6i Total
Video Converter va dugc luu vao cac thu myc tuwong
ung: Bolero, Cailuong, Cheo, Hatboi. Véi tén thu
muc la tén cua loai nhac da duoc xac dinh trude. Do
cac file co thoi lugng tir 5 phut dén 45 phut (trich
doan cai luong, hat boi) nén dé thdng nhat dir liéu
duoc cat thanh file c6 thoi luong 15 gidy va 30 gidy
dé 1am tap huén luyén va nhan dang. Tén céac thu
muc, file nhac gén lién véi tén file gbc trude d6 duge
Iuu trit phuc vu danh gia, lya chon mo hinh phu hop
nhét.

Tap dir liéu cac file nhac thudc 4 chu dé khac
nhau nhu sau:

1. Bolero: cac file 1a cac bai hat theo dong nhac
bolero...

2. Cailuong: cac file 1a cac bai ca cd, tan cb, trich
doan cai lvong, vong cbd hay mgt doan nhac don ca
taitu ...

3. Cheo: cac file 1a cac bai hat dong nhac chéo
chu yéu ctia Doan hat Chéo Thai Binh. ..

4. Hatboi: cac file 1a cac bai trich doan hat bdi
ctia Nha hat Thanh ph H6 Chi Minh ...

Trong phuong phép ciia ching t6i, nguon dit liéu
dugc chia thanh 2 tép dir liéu: huén luyén va kiém
tra. Tap dit liéu hudn luyén duoc s dung dé huan
luyén cho bo phén loai KNN dé dua ra cac quyét
dinh cho hé thong phéan loai nhac theo thé loai trong
khi tap dit liéu kiém tra s& duoc sir dung dé danh gia
hiéu quéa cua phuong phap dé xuét. SO tap tin audio
sir dung trong tap huin luyén va kiém tra trong img
ting thé loai dugc trinh bay trong Bang 1.
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Bang 1: S6 lwong tap tin audio dung cho huin
luyén va kiém tra

$6 lwong tap tin audio

STT  Tén thé loai Huin luyén Kiém tra
15 giay 30 giay 15 giay

1 Bolero 100 100 100

) Cai luong 100 100 100

3 Chéo 100 100 100
4 Hat boi 100 100 100
Cong 400 400 400

4.2 MO0 hinh tong quat h¢ thong phan loai
nhac theo theé loai

Chung t6i dé xuat hé théng phan loai nhac theo
thé loai gom 2 pha: rit trich dac trung va huan luyén
hodc phan loai. Két qua sau khi rat trich ddc trung
ctia tin hiéu audio 1a mot tip gdm cac dic trung vé
am séc, nhip diéu. Chi tiét viéc rat trich dic trung
dugc trinh bay trong phan III. Chung t6i s dung
phuong phap bién d6i wavelet roi rac (DWT) dé rat
trich ddc trung vé nhip diéu. Phuong phap phén loai
KNN va SVM dugc st dung dé nhan dang cac thé
loai nhac. Qua trinh huin luyén bao gdm viéc sir
dung céc vecto dac trung da dugc gan nhan thé loai
dé huan luyén cho bd phan loai KNN. Tir d6, bo
phan loai s& gan nhan thé loai cho cac vecto dic
trung m&i mot cach ty dong. Mo hinh tong quat hé
théng phéan loai nhac theo thé loai duoc minh hoa
trong Hinh 6.

Huén luyén
fe | | Rittrich Veclydis trng =
Co 50 dir dic trmg i trong
liéu nhac =™ S an s e veto 8 trong
Huén luyén,
Rim T il p—
it tri Jecto da - ° The loai nhac:
Rit trch };:{citcdac frmg: Losi KNN
" dac trung - —|  Nhip diéu / tiét s va SVM)

Hinh 9: M hinh tdng quat h¢ théng phan loai
nhac theo thé loai

Tép céc dic trung sir dung cho hé thong phan
loai nhac trong nghién ctru nay bao gom cac dac
trung sau day:

Cdc ddc trung vé dm sdc: Gom 19 dic trung:
Trung binh va phuong sai cia Centroid, Rolloff,
Flux, ZeroCrossing (8), LowEnergy (1); Trung binh
va phuong sai ctia 5 hé sé MFC dau tién (10).

Cac dac trung vé nhip diéu / tiét tau: Gom 6 dic
trung: ‘Al, A2, RA, P1, P2, SUM duogc xac dinh tir
biéu d6 nhip digu.

4.3 Ma tran danh gia d¢ chinh xac phén loai

Viéc danh gia phuong phap dé xuit duoc thyc
hién bdi cac file audio trong tap dir li¢u kiém tra. Két
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qua phan loai ciia hé théng s& duoc trinh bay trong
ma trdn danh gia do chinh xac phan loai nhu Bang 2.

Trong ma trén ny, cac gi4 tri trong ma tran 1a sb
lugng tdp tin audio trong tap dir liéu kiém tra. Cac
phan tir trong ma tran dugc giai thich nhu sau:

Béang 2: Ma tran danh gia d§ chinh xac phéan loai

S6 chuyén dé: Cong nghé thong tin (2017): 145-154

B, Ca, C, H: s6 tién doan ding d6i vai céc file
nhac ¢6 nhan thé loai Bolero, Cai luong, Cheo, Hat
bdi twong ung.

Bi, Cai, Ci, Hi (i = 1,..,4): sb tién doan sai ddi
v6i cac file nhac dugc gan nhan thé loai Bolero, Cai
luvong, Chéo, Hat bdi twong rng.

Thé loai ) Thé loai tién doan .
(Két qua tién doan tir hé thong de xuat) Tong cong
Bolero Cai lwong Chéo Hat boi
. Bolero B B1 B2 B3 100
Theloai i lwong Cal Ca Ca2 Ca3 100
thye €€ Chéo Cl 2 C C3 100
Hat boi H1 H2 H3 H 100

Nhu vay, dong twong tmg véi thé loai that sy clia
cac file nhac va ¢t tuong ung voi thé loai tién doan
cua cac file nhac sau khi hé théng dé xudt thuc hién
phan loai. S6 tap tin nhac dugc gan nhin thé loai
dung nam trén dudng chéo ciia ma tran (cc gia tri
in dam: C, R, J, P). Bé danh gia hiéu qua cta phuong
phap dé xuit, do chinh xac phén loai A (Accuracy)
duoc st dung va dugc xac dinh boi cong thirc (16):

B+Ca+C+H £100%

A(%) = :
(B+Ca+C+H)+ Y Bi+Cai+Ci+Hi

i=1

(16)

Phuong phép cia ching t6i dugc thuc hién trong
mdi trudng Visual C++ trén may tinh dé thyuc hién
cai dat hé théng phan loai nhac theo thé loai. Viéc
phan loai nhac dugc thyc hién chu yéu dya vao 2 tap
dic trung duoc rat trich tir tin hidu audio: 4m sic va
nhip nhac. Nghién ctru thuc nghiém trén 3 truong
hop:

— Truong hop I1: Huan luyén va nhan dang
nhac Viét Nam theo thé loai dua trén cac dic trung
lién quan 4m séc bang phuong phap KNN va SVM.
Nghién ctru chi dung 9 déc trung trong tap dac trung
am sic: Trung binh va phwong sai ciia Spectral
Centroid, Rolloff, Flux, ZeroCrossing (8),
LowEnergy(1) (chua tinh cac ddc trung MFCC)
trong viéc phan loai nhac theo thé loai.

Truwong hop 2: Huéan luyén va nhan dang
nhac Viét Nam theo thé loai dua trén cac dic trung
lién quan nhip diéu bang phuong phap KNN va
SVM. Nghién ctru chi dung 6 dac trung lién quan
dén nhip diéu (vecto ddc trung 6 chiéu) trong viéc
phan loai nhac theo thé loai.

Truong hop 3: nHuén luyén va nhén dang
nhac Viét Nam theo thé loai dya trén cac dic trung
lién quan bo cuc am sdc (nhip di¢u va am sac) bang

152

phuong phap KNN va SVM. Nghién ctru két hop 2
tap dic trung lién quan dén bd cuc 4m sic va nhip
diéu (vecto dic trung 25 chiéu) trong viéc phén loai
nhac theo thé loai. Chung t6i kiém tra trén hé thong
véi viée rut trich déc trung dua trén mdt trong cac
tap dac trung trén hodc két hop ching véi nhau va
sau d6 tim gia tri tham s6 k (s lang giéng gan nhat)
sao cho hé théng dat hi€u qua vé d6 chinh xac phan
loai cao nhat.

Két qua biéu do nhip diéu (BH) cua bdn thé loai
nhac: bolero, cai luong, chéo va hat bdi vdi cac bai
nhac sir dung twong ung cac loai trén la:

Bolero i Tvong

Chéo

i
. ' ' ‘ |“ PJ
) "fh'\‘iM'lwn,pr' A M«JWNW“

Hinh 10: Biéu db nhip diéu ciia bon thé loai nhac

Chung t6i thyc nghiém trén hé théng voi vide
phan loai dua trén chi mdt hoac 2 tép dédc trung.
Chung t6i cling kiém tra trén 1 s gia tri tham s k
k=1, 2, 3,..., 7). Trong do, vdi gia tri k = 4, h¢
thdng cho két qua phan loai t6t nhat. Vi vy, ching
toi chon trinh bay trong truong hop nay. Sau day 1a
két qua danh gia do chinh xac cta viéc phan loai.
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Bang 3: Py chinh xac phén loai dya trén 1 tip
dac trung véi gia tri tham so k=4

Tap cac dac trung
DT (4m sic) DT2 (nhip diéu)
KNN SVM KNN SVM
A (%) 93% 93.5% 9225% 92.5%

Bang 4: D) chinh xic phén loai dya trén 2 tip
dac trung véi gia tri tham so k=4

Tép cac dac trung

PT1 va PT2
KNN SVM
A (%) 93,75 % 94 %

Tir két qua trinh bay trong Bang 3 va Bang 4,
chung t6i nhan xét: Néu chung t6i chi sir dung 1 tap
ddc trung thi viéc phén loai nhac theo thé loai tir tin
hiéu audio dat do chinh xéac thip. Két qua nay kho
¢6 thé chap nhan dugc. Vi vay, ching toi tiép tuc
kiém tra trén hé théng ma trong dé sir dung ca 2 tap
ddc trung 1 va 2 trong viéc phan loai nhac (tao nén
mot vecto ddc trung 25 chiéu) voi mong mudn lam
tang do chinh xac cua viéc phan loai. Trong d6, hé
théng cho két qua phan loai tot nhat véi k = 4.
Nguyén nhén 1a véi k = 4 hé¢ théng phén loai nhac
theo thé loai dé xuét dat d¢ chinh x4c 1a: 93%. Véi
cac gia tri khac cuak, Kkét qua do chinh xac phan loai
thip hon. Chang han: k = 2 d6 chinh xac chi dat
92,75 %.

Do chinh xac

94
93.8
93.6
93.4
93.2

Hinh 11: D thi biéu dién d) chinh xéc phan loai
str dung ket hop ca 2 tap dac trung

94,5
94
93,5
93
92,5 1+
92 1+
91,5 1+
91

OKNN
@msSVvVM

DT nhip BT am sac
nhac va nhip

DT am sac

Hinh 12: Do thi biéu dién d chinh xéc trung
binh phén loai nhac dwa vao cac tip dac trung
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Tir cac két qua thuc nghiém trén tap dir liéu kiém
tra biéu dién trong Hinh 8 cho thay néu h¢ thong chi
sir dung mot trong 2 tap dic trung vé& 4m sic hodc
nhip di€u, thi viéc phan loai nhac theo thé loai tir tin
hiéu audio dugc thyc hién nhanh hon (thoi gian thyc
hién trung binh 13 3 gidy) do s6 chiéu cua vecto dic
trung nhé hon, nhung d6 chinh xac cua viéc phan
loai s& thap hon (dat khoang 92,25% - 93%) so voi
truong hop phan loai nhac dya trén ca 2 tap dac
trung nay. Vi vy, viéc sir dung két hop ca 2 tap dic
trung am sic, nhip diéu 1a rat can thiét ddi voi hé
thdng phan loai nhac theo thé loai vi né cho két qua
phan loai kha chinh xac.

Nhu vay, phuong phap dé xuat cua chiing toi la
két hop ca 2 tap dic trung 4m sic va nhip diéu trong
viéc phén loai nhac theo thé loai boi vi hé thong dura
ra két qua phan loai v6i d6 chinh xac cao (trung binh
93,75%).

Thoi gian phan loai (thoi gian huan luyén + thoi
gian rut trich dic trung + thoi gian x4c dinh thé loai)
1 tap tin nhac cu thé sir dung phuong phap KNN:
Bang 5: Bang thoi gian phan loai 1 tip tin nhac

cu thé

STT Truong hop Thai gian phin loai (gidy)

1 THI 4 gigy
2 TH2 5 giay
3 TH3 6 gidy

Trong d6: THI: chi sr dung 9 dac trung trong
tap ddc trung lién quan am sac (chua tinh cac hé so
MFCC), TH2: chi sir dung tap dac trung lién quan
nhip diéu, TH3: sir dung ca 2 tap dic trung 4m sic
va nhip diéu.

5 KET LUAN VA HUONG PHAT TRIEN

Mot phuong phap phan loai nhac theo thé loai
nhanh va chinh xac 1a rat can thiét ddi véi cac hé
thdng quan 1y mot s6 luong 16n nhac sé. Tuy nhién,
day 1a mot cong viéc khong don gian vi cac thé loai
nhac van con 1a mot khai niém mé, tiry thude vao y
kién cht quan ctia con nguoi. Trong nghién ctru thuc
nghiém nay, chung t6i dé xuat sir dung cac tap dic
trung dugc rut trich boi cac cong cu STFT, DWT,
bo phan loai KNN va SVM. DWT la mot ky thuat
phan tich tin hiéu, cung cap mdt cach biéu dién tin
hiéu trong mién thoi gian va tan s6 dudi dang nén
lam cho viéc tinh toan nhanh va hi¢u qua hon.
Nghién ctru nay tap trung vao viéc phan loai 4 thé
loai nhac: Bolero Viét, Cai luong, Cheo va Hat b01
bang cach str dung két hop 2 tap dic trung vé am sic
va nhip di¢u. Tap dir liéu dugc su dung trong nghién
ctru nay dugc suu tap tur cac nguén nhac Viét Nam.
Dua trén cac két qua thyc nghiém, phuong phap dé



Tap chi Khoa hoc Truong Pai hoc Can Tho

xudt cua ching toi dat do chinh xéc trung binh 1a
93,75% va 94 % dbi v6i phuong phap phan loai
KNN va SVM twong tng trén tap dic trung vé bd
cuc 4m sic. Hon nira, phwong phap dé xuét nay don
gian, hiéu qua va co thoi gian thuc hién nhanh phu
hop cho cac hé théng phén loai nhac Viét hién nay.

Viéc phéan loai nhac theo thé loai duoc thuc hién
mot cach ty dong bang may tinh va cho két qua kha
chinh xac 13 hoan toan c6 thé. Nghién ctru nay cung
cép co s¢ khoa hoc cho phat trién cac hé thong: truy
van thong tin nhac dya vao ndi dung, phat hi¢n sao
chép ban quyén nhac, tim cic ban nhac c¢6 cac dic
trung gin gidng véi cac ddc trung ma ngudi sir dung
mong mudn, phan tich nhac va 10i bai hat, phéan loai
ban nhac theo ca s - nhac si, ch thich ty ddng céac
tap tin nhac voi nhitng mo ta,... N6 co thé ap dung
cho viéc phan loai thém nhiéu loai nhac truyén thong
cuia Viét Nam nhu: dan ca Bic B9, dan ca Nam B9,
nhac tré,... H¢ thong dé xuat ciing c6 thé ap dung véi
céc bo phan loai két hgp khac nhu: Gaussian, mang
Neural,... Chung t6i dy dinh thuc nghiém hé thong
dé xuét trén mot tap dir liéu 16n (Big Data) va thoi
gian phat file dai hon; nghién ctru va st dung thém
tdp dac trung cao do ndt nhac nham nang cao do
chinh xac phén loai. Hé thdng thyc hién phan loai
ddi voi cac ban nhac c6 su pha trdn céac thé loai, bd
sung thém céc thé loai nhac Viét chua dugc nghién
clru & dé tai nay gop phan hinh thanh kho dir liéu vé
am nhac Viét Nam. Do chinh 1a nhitng hudng
nghién ctru clia chung t6i trong thoi gian sap toi.
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