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TOM TAT— Ciing véi sw bing né vé cong nghé théng tin va sie gia ting nhu cau swu tdp nhac s6 ciia méi ca nhdn hay 6 chire, viéc
phan logi cdc ban nhac dé dé dang qudn 1y ld mét nhu cau tat yéu. Tuy nhién, do viéc swu tam tir nhiéu nguon khdc nhau nén viéc
phdn logi chi duwa trén thong tin ghi trén tép tin luu trit con gz,ip nhiéu han ché. Véi mét s6 luong dé s6 cde ban nhac thi viéc phdn
loai cdc ban nhac la mét thach thire doi voi nguoi nghe nhac va cac hé thong luu triv am nhac. Piéu nay lam cho nhu cdu xdy dung
hé lhongphan loai nhac tw dong tré nén can thiét. Trong bai bdo nay, ching toi de xudt mot hé théng phdn loai nhac theo thé logi
sir dung cdc phwong phdp rit trich tdp cdc dic trung cia tin hiéu audio bao gom am sdc (timbral texture), nhip diéu (rhythmlc
content) va cao dé (pitch) phuc vu cho viéc phan logi nhac tw dong theo thé logi. Trong dd, phép bién déi wavelet roi rac dé phdn
tich tin hiéu audio thanh cdc bang tan con dimg cho viéc xdc dinh cdc déc trung vé nhip diéu. Nghién ciru cua chiing t6i thuc hién
minh hoa trén bon thé logi Classical, Rock, Jazz va Pop. Nghién ciru ndy cd thé dp dung mé rong doz véi cdc thé logi nhac khéc
hodic xdy dung cdc hé théng truy vin théng tin nhac diwa vao ngi dung, kiém tra viéc sao chép ban quyén nhac,..

Tir khéa— Phan logi nhgc, wavelet roi rac, tin hiéu &m nhac, rut trich dac trung tin hiéu audio.
I. GIOI THIEU

Trong nhitng nim gan day, cing vdi sy phat trién cta cong nghé thong tin, s6 lwong ban nhac dudi hinh thirc
dir liéu audio trong cac kho dir liéu 16n, trén Internet, dang ngay cang gia ting nhanh chong. Diéu nay lam cho viéc s&
hiru nhitng ban nhac tré nén dé dang hon bao gid hét, kéo theo d6 1a sy gia ting nhu cau swu tip nhac sé & mdi ca nhan
hay td chirc. Hién nay, hau hét cac hé théng luu trit nhac sb sép xép cac ban nhac theo tén nhac si hoac theo tén bai hat
trong khi ngudi nghe nhac chi quan tim dén cac thé loai nhac. Diéu nay d nay sinh nhu cu phan loai nhac ty dong
theo thé loai trong cac hé thong luu trr nhac s6 @é cho phép ngudi nghe nhac ¢ thé tim kiém ban nhac theo yéu cau.
Tuy nhién, véi sb luong 16n nhac sé suu tAm duoc, viée phan loai Chung dé d& dang quan 1y tré thanh mt thach thirc
dbi véi cac hé thong phan loai nhac tw dong. Piéu nay la do viée suu tam nhac thyc hién tur nhidu ngudn nén né c6 the
¢6 nhiéu thong tin khac nhau cho ting ban nhac tai vé. Bén canh d6, ngudi suu tim c6 thé ty nghe lai timg ban nhac rdi
tu phan loai chung thay vi chi dua vao cac thong tin c6 sin dugc luu trit trén tap tin nhac. Theo cach nay, d6 chinh xac
vé phan loai d6i voi cac ban nhac s& tiry thudc vao kha nang hiéu biét vé 4m nhac ciia nguoi phan loai. Piéu nay cho
thiy, viéc phan loai cic ban nhac véi cac phuong phap truyén thong trén con nhiéu han ché vé do chinh xac va khong
kha thi véi mot sb lugng 16n cdc ban nhac s6. Do do, cac hé théng phén loai nhac ty dong la rat can thiét ddi véi cac hé
thdng luu trit nhac s, phat hién sao chép ban quyén, tim kiém thdng tin nhac trén Internet,... béi vi ching cung cip co
so khoa hoc cho viéc phan tich cac tin hiéu nhac dya vao ndi dung.

Nhiéu nghién ctru dd dua ra cac y tuong phat trién cac hé théng phan loai nhac ty dong trong thoi gian gin
day. Anan et al. @& xudt mot tlep can phan loai nhac dua trén d6 do twong ddéng va may hoc vécto hd trg (Support
vector machines - SVM) [1]. Bé xac dinh muc d6 twong dong gifra cdc tin hiéu audio, phuong phdp nay bién d6i cac
file audio dudi dinh dang MIDI thanh ba tip dir liéu dang chudi bao gom cao d9, nhip di€u, va ndt nhac (Pitch string,
Rhythm string and Note string). Tuy nhién, phuong phap nay la khong thyc té vi n6 doi hoi tat ca cac file audio dudi
dinh dang MIDI va hé thong phién am da 4m 14 mot bai toan khé gidi quyét hon 1a phan loai. Mot s6 phuong phap khac
phan tich dya trén hinh dang cta tin hiéu audio va anh pho. Costa et al. da dé xuat cach tiép can dua vao anh pho dé
phan loai nhac [2]. Phuong phdp nay phén tich tin hiéu audio thanh anh phd va sau d6 rat trich cac déc trung tir anh
nay. Tuy nhién, ching ta rat khé dé nhan biét thé loai nhac mot cach chinh xéac neu chi dya trén viéc xem anh ph6 nay
ma khong cé su phan tich dua trén tiét tu, cao d9,... cuia 4m thanh. Mot cach tlep can khac cho viéc phan loai nhac
dwa trén viéc rut trich va Iya chon dic trung dugc dé xuét boi nhidu nghién ctru dwogc trinh bay trong [3], [4]. Trong do,
Matsui et al. da sir dung cac dic trung huéng dwoc rit trich dwa trén thuat toan SIFT [4]. Péc trung nay cung cip cac
thong tin vé tin s6 cua tin hiéu nhac. Cac két qua thyc nghiém cho thdy viéc két hop cac didc trung nay véi phuong
phéap SVM lam cho phwong phap phan loai nhac ciia ho dat dwoc do chinh xac 80%. McKay et al. di cai tién thuét toan
phan loai nhac biang cach sir dung dic trung 101 bai hat [5]. Ho str dung nhiéu dic trung két hop duoc rat trich tir nhiéu
nguodn audio, 151 bai hat, biéu tugng, vin hoa lién quan dén thong tin Am nhac. Cac két qua thyc nghiém cho thdy rang
dac trung dugc rat trich tir 101 bai hat la kém hiéu qua hon so véi cac dic trung khac. Chathuranga et al. da xay dung hé
thong phan loai nhac theo thé loai dwa trén cach tlep can may hoc [6] trong d6 phuong phap SVM v6i ham nhan da
thire dugc sir dung. Hai tap ddc trung dugce dé xuit biéu dién cho mién tan so, mién thoi g1an mién Cepstral va thong
tin thay ddi vé tan sd trong cac tin hi¢u audio. Két qua cho thay ring phuong phap nay c6 do chinh xac phén loai lan
lugt 1a 78% va 81% trén tap dir liéu GTZAN va ISMIR2004 tuong (mg. Rini Wongso, Diaz D. Santika nghién ctru két
hop phuong phap TCWT (Tree Complex Wavelet Transform) va SVM [7]. Nghién ciru nay tap trung vao viéc phan
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loai bdn thé loai nhac: Pop, Classical, Jazz va Rock béng cach su dung céac chi $6 théng ké vé trung binh, 46 léch
chuan, phuong sai, va entropy cta cac dac trung tin hi¢u nhac.

Trong bai bao nay, chung t6i gidi thi€u mot thuat toan phan loai nhac ty dong theo thé loai dya trén phuong
phap nhan dang K-NN (K-Nearest Neighbor) va ba tap dic trung dugc rat trich tir tin hidu nhac: 4m sic (timbral
texture), nhip diéu (rhythmic content) va cao do (pitch). Chung toi sir dung phép bién d6i wavelet roi rac (DWT) dé
phan tich tin hi¢u audio dung cho viéc xac dinh cac dic trung vé nhip di€u. Nghién clru cua ching t6i thuc hi€n minh
hoa trén bdn thé loai Classical, Rock, Jazz va Pop. N6 ¢o thé ap dung mé rong ddi véi cac thé loai nhac khac hodc xay
dung cac h¢ thong truy van thong tin nhac dya vao ndi dung, kiém tra viéc sao chép ban quyén nhac,.... Chiing t6i ciing
trinh bay viéc lya chon cac dic trung phu hop vi chiing anh hudng dang ké dén do chinh xac phén loai.

II. CAC CONG VIEC NGHIEN CU'U LIEN QUAN
2.1. Phép bién ddi wavelet roi rac

Phép bién ddi Fourier thuong ding cho phan tich cac tin hiéu audio. Tuy nhién, né cé han ché 14 ta khong thé
biét dugc tai mot thoi diém s& xuat hién nhitng thanh phén tan sé nao. Pé khic phuc nhuge diém nay, cac nha khoa hoc
str dung bién @i STFT (Short time Fourier transform). Theo do, tin hiéu dugc chia thanh cac khoang nhé va duogc bién
d6i Fourier trong timg khoang d6. Phuong phap nay c6 han ché 1a viéc chon do rong cua cac khoang tin hiéu phan chia
sao cho phu hop vi néu d6 rong ndy cang nho thi do phan giai thoi gian cang tdt nhung phan giai tin sé cang kém va
nguoc lai. Bé khic phuc ca 2 phuong phap trén, bién d6i wavelet ra doi. Bién dbi wavelet (WT) dugc thuc hién nhu
sau: tin hiéu dugc nhan véi ham Wavelet (twong ty nhur nhan véi ham cira sb trong bién d6i STFT), sau d6 thuc hién
phan tich riéng r& cho cic khoang tin hiéu khac nhau trong mién thdi gian tai céc tan s khac nhau.

Phép bién doi wavelet roi rac (DWT) 1a mot truong hop ddc biét cia WT. N6 cung cap mot cach biéu dién tin
hiéu dudi dang nén trong mién thoi gian-tin sé gitp cho viéc tinh toan mot cach nhanh chéng va hiéu qua. DWT thyc
hién phén tich da phan gidi mét tin hi¢u audio X thanh 2 thanh phan: thanh phan tin hiéu thd A (coarse approximation)
tuong g voi thanh phan tan s6 thap Yiow va thanh phan tin hiéu chi tiét D (detail) trong (g voi thanh phan tan s6 cao
Yhigh [8]. Sau do, thanh phan tin hiéu tho tiép tuc dugc phan tich tuong ty. Nhu vy, mot tin hi€u co thé duoc biéu dién
duéi dang tong cua thanh phan tin hiéu tho va céc thanh phan tin hiéu chi tiét. Qua trinh phén tich nay dwoc thuc hién
béi cac bd loc bang tan cao va thip dbi véi tin hidu x nhu biéu dién trong Hinh 1 va dwoc dinh nghia bai cong thire (1).

YnignlK]= zx[n]g[ZK -n]
YioulK] = ZX[n]h[Zk -n]

Trong do: Yhign[k]: thanh phan tan sd cao; yiow[k]: thanh phan tan s6 thip; x[n]: tin hiéu audio; g[n]: bd loc bang tin
cao; h[n]: b loc bang tan thip.
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Hinh 1. DWT muc 3 dbi v&i tin hiéu x

Tin hiéu x[n] co thé dugc x4c dinh bang cich tong hop tat ca cac hé sd cia Yhigh V& Yiow bét dau tr mire phén
tich cudi cung. Trong bai bao nay, chung t6i sit dung DWT trong viéc phan tich tin hiu audio theo mién tan sb dé rat
trich cac dic trung vé nhip diéu va sir dung bd loc bang tin DAUB4 [9] duoc dé xuét bai Daubechies.

2.2. Phuong phap phén loai KNN

C6 nhiéu phuwong phap phan 16p nhu: KNN, Bayes HMMs, Gaussian,... Trong nghién ctru ndy, ching toi st
dung phuong phap K-NN (K-Nearest Neighbor) [10] [11] vi né don gidn va dugc str dung phé bién trong céc bai toan
phén 16p. Phuong phap nay cho phép bd sung mau huén luyén méi vao bd hudn luyén dé dang va hi¢u qua khi tap huin
luyén lon. Bén canh do, b huén luyén duge huin luyén tir chinh cac vecto dic trung rat trich tir tin hiu audio. NO xir
ly tdt véi tap dit 1iéu nhidu do dua trén khoang cach gitra cac vecto dac trung dé quyét dinh phan 16p, do d6 n6 phu hop
v6i hé théng phén loai nhac.
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Phuong phap K-NN xem cac mau (vecto dic trung) nhu 1a cac diém biéu
dién trong khong gian dic trung n chiéu (Hinh 2). Khoang cach giita mau can
phan loai x va k mau lang giéng y 12 d(x, y) dugc xac dinh dya trén khoang cach
khong gian. Thong thudng, ngudi ta dung khoang cach Euclide dé xac dinh
khoang cach giita cic mau trong khong gian dic trung dugc xac dinh boi cong \ ®

thue (2).
d(x y —“X y" Z X, — Y.) @) Hinh 2. M6 hinh phan 16p K-NN
\i=

Xac sudt mau x thugc vao thé loai ¢; dugc xac dinh boi cong thire (3):

> w,
(C |X) yeK yc=¢; (3)
W,

yeK

Trong d6: wy= (1/d(x,y)); K 1a mot tap hop k miu lang giéng gan X nhét; yc 14 thé loai clia y; ¢; 14 thé loai thur

Thuét toan K-NN:

1. Xac dinh gié tri tham s6 k (s lang giéng gan nhat).

2. Tinh khoang cach giita mau can phan loai X véi cac mau trong tap huin luyén (sir dung cong thirc (2)).

3. Xac dinh k lang giéng gan nhét v4i X va cac nhan thé loai cia chlng.

4. Xac dinh nhan thé loai cua X: X dugc gan nhén thé loai ¢; khi p(c; | X) 1a 16n nhét (st dung cong thirc (3)).
III. RUT TRICH PAC TRUNG TiN HIEU AUDIO

Trén thyc té, tit ca cc dic trung cia tin hiéu audio khi dua truc tiép vao cac mo hinh phan loai s& lam giam di
16 rét téc do hudn luyén va phan loai. Rut trich dac trung 1a mdt trong nhiing k¥ thuat tién xur 1y tin hi¢u nhac dugc st
dung phé bién trong viéc phan loai. Qua trinh rut trich s& khir nhiéu tin higu va chi chon céc thong tin can thiét cho viéc
phéan loai nhac. Ngoai ra, viéc chon loc dac trung dugc dung dé tao ra mot tap con déc trung tur dir liéu dau vao nham
lam tang hiéu qua vé mat thoi gian trong viéc nhan dang vi no 1a tién trinh tu dong hoa dugc dung dé giam s6 chiéu dix
lidu sao cho dir liéu ddu vao dugc chuyén déi sang dang don gian va nho hon trude khi dwa vao mé hinh phan loai.

Rt trich Chon loc (
dac trung A i dac trung A 'L

[ Tin hiéu nhac Vecto dac trung

Hinh 3. So db rut trich ddc trung tir mot tin hiéu nhac

Nhiéu nghién ctru da dé xuat cac dic trung cua tin hiéu audio dé nhan dang, phan loai trong cac hé théng nhan
dang, phan loai khac nhau. M&i nghién ctru déu dua ra mét s6 cac dic trung cia tin hiéu audio va phuong thirc sur dung
dé phan loai. Cac dac trung cua tin hiéu audio thuong dugc chia lam hai nhom chinh: cac déc trung trong mién thoi
gian — tan sb va cac dic trung cam thy am thanh cta con ngudi (nhip diéu, cao d) [6]. Trong bai bao nay, ching toi
xay dung hé théng phan loai nhac dya trén ba tap dac trung nhu sau:

- Céc dic trung vé am sic (Timbral Texture Features).
- Céc dic trung vé nhip diéu (Rhythmic Content Features).
- Céc dic trung vé cao do (Pitch Content Features).

3.1. Pic trung vé 4m sic

Tap dic trung vé am sic dugc st dung dé biéu dién cac dic trung cia 4m nhac lién quan dén tiét tdu, am sic
va nhac cu. Vecto dic trung vé 4m sic duge st dung trong hé thong phén loai clia ching t6i bao gdm 19 chiéu véi cac
déc trung: (Trung binh va d¢ 1éch chudn cua Spectral Centroid, Rolloff, Flux, ZeroCrossing, LowEnergy, va Trung
binh va d6 1éch chudn cua 5 hé s6 MFCC du tién). Trung binh va do 1éch chudn cua cac dic trung ndy duoc xac dinh
dua trén STFT véi cac ctra $6 phan tich chia tin hiéu dau vao ¢o do dai 1s thanh cac doan nho khoang 20ms. Sau day la
cac dac trung dugc xac dinh trén mdi ctra sd phan tich:
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a) Ddc trung 1: Spectral Centroid

Spectral Centroid la mot do do lién quan hinh dang ctia phé tin sb. N6 xac dinh diém can bang cuia phd tan sd.
Gia tri Centroid cao tuong tng véi pho c6 d9 sang chdi hon va chira nhiéu tan so6 cao. Spectral Centroid dugc xac dinh
bdi cong thire (4):

N
> M,[n]*n
C — n=1N

> M,[n] “)

Trong d6: M [n] 1a bién d6 cua tan sb thir n trong phd tan sd twong tng vai cira s t.
b) Ddc trung 2: Rolloff

Rolloff ciing 1a mét do do lién quan hinh dang cua phd tan sd. Piém Rolloff cua phé tan s6 (Ry) duoc dinh
nghia nhu tan s0 bién ma ¢ d6 85% phan bo nang lugng duoc tap trung trong pho la dudi diem nay. Cong thuc (5) Xac
dinh R; - diém Rolloff ctia pho tan so.

R N
> M,[n]=0.85>_M,[n] (5)
n=1 n=1

¢) Ddc trung 3: Flux

Flux duoc xem la do bién thién phd, cho biét sy thay ddi vé bién do tan sé cua phan ph01 ‘quang pho gitra hai
ctra sO phan tich lién tiép. N6 duoc xac dinh 1a binh phuong hiéu giita cac bién dd chuan ciia tan sb trong phd va dugc
xac dinh bdi cong thure (6).

N )= -

F =3 (N B wmir) ©

i=1
V6i Nn] va Ni4[n] 14 bién d6 chuan ctia tan s6 thir n trong phd tin sb & cira s6 t va t-1 twong tng.
d) Ddc trung 4: Zero-crossings
Zero Crossings cho bi€t mirc d6 on (noisiness) cua &m thanh trong tin hi¢u. N6 xuét hién khi cic miu ké nhau
trong tin hiéu khac dau. N6 dwoc xac dinh béi s6 1an tin hiéu audio vuot qua truc zero trén mot don vi thoi gian va
dugc tinh boi cong thie (7):
1, . . L 1 x[n]>0
==> |sign(x[n]) —sign(x[n—=1])| 5 sign(x|n])= 7
2; onC{n—1D)| gnix[n) 0 x[n]<0 )

x[n] 14 tin hiéu trong mién thoi gian dbi véi ctra s t.
e) Ddc trung 4: Low-Energy

Khéc véi cac dic trung trén, dic trung Low-Energy duoc xac dinh trén toan bo tin hi¢u mién thoi gian. No la
ti 1€ phan tram ctia cac cira s6 phan tich c6 RMS (Root-Mean-Square) nang lugng thap hon RMS trung binh ning

lugng cta cac tin hiéu trong cac cira ) phén tich. Trong d6, RMS nang lugng cuia tin hi¢u & cira s6 t dugc xac dinh boi
cong thire (8):

i=1

> (ML[iT)
2. (®)

f) Ddc trung 6: Cdc hé sé MFCC (Mel-Frequency Cepstral Coefficients)

MFCC la mot trong CaC tap dac trung duoc dung phd bién trong cAc hé théng nhan dang giong noi, truy tim
thong tin nhac,... N6 cung cap cach biéu dién nén tin higu audio dudi dang phd sao cho hau hét ning lugng ciia tin
hiéu duoc tap trung vao cac hé sb dau tién. Hinh 4 mé ta cac budc thuc hién rat trich dic trung MFCC tur tin hi¢u
audio. Chi tiét vé phuong phép rut trich ddc trung MFCC mo ta trong [12].

Tin hiéu audio Chia nhé Fast Fourier Bién dbi Phan tich MFCC
—»| thanhcac [ Transform sang thang Cepstral —>
cira s6 (FFT) Mel (13 hé s6)

A 4

A 4

Hinh 4. So db rut trich ddc trung MFCC
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Két qua thu duge 1a mot tap déc trung MFCC gdm 13 hé s6. Tuy nhién, nhiéu nghién ctru [13] [14] cho thay 5
hé¢ s& MFCC du tién cung cép kha day du thong tin cho viéc phén loai nhac theo thé loai. Vi vay, dé giam s6 chiéu cho
vecto dic trung, chiing t6i chon 5 hé s6 MFCC déu tién cho hé thong phan loai nhac theo thé loai ctia chung toi.

3.2. Pic trung vé nhip diéu nhac

Vecto dic trung vé nhip diéu cung cép rat nhidu thong tin c6 ich vé dic diém cua cac thé loai nhac. Hiu hét
c4c hé théng do tim nhip diéu nhac cung cap céc thuat toan xac dinh nhip diéu cta ban nhac va cudng do cua chung.
Bén canh d6, chling con cho biét mdi lién hé giita cac nhip cua ban nhac. Trong bai bao nay, chung t6i st dung phuong
phap xéac dinh tap ddc trung vé nhip diéu nhac dugc dé xuat boi George Tzanetakis et al. [15] trong viéc phan loai nhac
theo thé loai. Phuong phap nay dua trén viéc do tim cac chu ky (don vi: bpm - sO nhip/phut) ¢ bién dg lon nhét cua tin
hiéu. Tin hi¢u audio X duoc chia nho thanh cac tin hiéu thanh phan Xi boi cira s6 phan tich ¢6 kich thudc 65536 mau
Vi tan s6 1ay mau (sampllng rate) la 22050 Hz tuong tmg xap xi 3s. Sau d6, thuat toan xac dinh nhip diéu nhac dugc
ap dung d6i v&i mdi Xi nhu biéu dién trong Hinh 5.

Xi

'

DWT

v

Céc tin hiéu thanh phan tuong tng cic bing tan khac nhau

\ 4 EE
v v v v v

EE EE EE EE EE FWR

v v v v v l
+ LPF

v

AR DS

T v

BH MR

Hinh 5. So db khéi xac dinh Histogram nhip diéu nhac

Trudc tién, tin hidu Xi dugc phan tich thanh cac tin hiéu thanh phan (Yhigh V@ Yiow) tuong img véi cac bang tan
khac nhau dwa vao phep bién d6i Wavelet rdi rac (DWT). Tiép theo, qua trinh phén tich dugc thyc hién trén moi bang
tan bang cach ap dung cac budc trong Envelope Extraction (EE) gom: Full wave rectification (FWR), low pass filtering
(LPF), downsampling (DS) va Mean Removal (MR). Sau d6, ching dugc tong hop va mot ham ty twong quan (AR)
dugc xac dinh. Cudi cling, ba dinh cao nhat (c6 bién d 16n nhat) ciia ham ty twong quan tuong tmg véi cac chu ky
khac nhau cua tin hiéu audio dugc chon dé dua vao biéu dd nhip diéu (Beat Histogram - BH). Trong d6, truc hoanh ciia
BH biéu dién sb nhip/phut (don vi la bpm) va truc tung biéu dién cuong do cua nhip (Beat strength). Sau day la cac
bué6c phan tich EE trén mdi bang tin dé rut trich dic trung nhip diéu:

1. Full Wave Rectification (FWR): y[n] = abs(x[n]) 9)

2. Low Pass Filter (LPF): B loc v6i .= 0.99:  y[n] = (1- o) X[n] —a y[n - 1] (10)

3. Downsampling (DS) boi 1 hé Sé, k a1
(chon k = 16 trong cai dat hé thong nay): y[n] = x[kn]

4. Mean Removal (MR) / Normalization: y[n] = x[n] - E[X[n]] (12)

Ikl == 3 xinix[n ] (13)

5. Autocorrelation (AR): N 4
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Qua trinh xac dinh nhip diéu nhac trén tin hiéu audio duogc ap dung 1ap di 1ap lai trén cac tin hiéu thanh phin
Xi va tich lity vao trong biéu do nhip diéu BH. Tap cac dinh cao nhat ctia ham ty twong quan tao nén biéu do nhip diéu
nhac duoc st dung lam co sé cho viéc xac dinh cac dac trung vé nhip di€u. Trong dd, cac dinh cao nhét trong BH
twong tng véi cac chu ky khac nhau cta tin hi¢u audio 1a cac nhip chinh ctia ban nhac.

Xadc dinh cac dac trung vé nhip diéu:

Dva vao BH, cac dac trung vé nhip diéu: nhip chinh, nhip phy, cqéng d9,... duoc xac dinh dé cung cép cac
théng tin co ich cho viéc phan loai nhac “cheo‘thé loai. Goi P1: dinh cao nhat va B2: dinh cao thir nhi trong BH. Vecto
dac trung vé nhip di¢u 1a mot vecto 6 chicu gom cac dic trung:

) 1. Al, A2: Pac trung nay la ¢ do sy khac nhaq vé nhip so voi ca}c nhip con lai cta tin hiéu. N6 dugc xac dinh
boi ti s0 gitra bién d6 cua lan luot 2 dinh D1 va B2 véi tong bién do cua tat ca cac dinh trong BH.

2. RA: 1a ty s gifta bién do cua dinh D2 v6i bién d¢ ciia dinh 1. Dic trung ndy bicu dién moi quan h¢ gitra
nhip chinh va nhip phu dau tién.

3. P1, P2: Chu ky ctia dinh P1 va D2 dugc tinh bang s6 nhip trong 1 phiit (don vi tinh: bpm).
4, SUM: Téng bién d¢ cua cac dinh trong BH. Pac trung nay cho biét 6 manh cta nhip nhac.
3.3. Pic trung vé cao do

Cao do (pitch) 1a dai lugng ti 1€ nghich véi tan sd co ban cua tin hiéu audio va lién quan dén dic trung vé cam
thy &m thanh ctia con ngudi. Méc du viéc phan loai nhac theo thé loai khong thé dwa hoan toan vao dic trung lién quan
dén cao do, nhung noé cung cép thong tin rat 6 ich cho viée phan loai. Chéng han, nhac Jazz hodc Classical thuong c6
muc d¢ thay ddi cao d6 nhiéu hon so v6i nhac Rock hodc Pop. Ngugc lai, biéu d6 vé cao dd cua nhac Pop hodc Rock
s& ¢ sb dinh troi (c6 bién do6 16n) it hon nhung cac dinh nay s€ cao hon so véi biéu d6 vé cao do cua nhac Jazz hoic
Classical. Hién nay, nhiéu nghién ctru dua ra thuat toan va phuong thirc udc lugng cao do. Cac thuét toan ude lugng
nay hau hét dwa vao phuong phép tu twong quan hodc bién thé ciia nd. Trong nghién ctru ciia ching t6i, tap dic trung
vé cao do dugc rat trich tir tin hiéu audio duya trén thuat todn do tim cao d6 dé xuat boi Tolonen va Karjalainen [16]. Dé
X&c dinh cac dac trung vé cao do, tin hiéu audio X duoc chia nho thanh céc tin hiéu thanh phﬁn Xi boi ctra s6 phéan tich
¢6 kich thude 512 miu véi tan sb 1ay mau 1a 22050 Hz (xap xi 23ms). Cac budc it trich dic trung vé cao do ap dung
d6i voi mdi Xi duoc biéu dién trong Hinh 6.

Tin hiéu Highpass HWR Xhigh
> ACFhigh

al;g_io 1KHz > Lowpass filtering

[

.| Lowpass HWR Xow | ACF, /
> [ ow

1KHz

Y

Y

Hinh 6. So db rut trich dic trung vé cao do

Trong thuét toan nay, tin hiéu audio Xi dugc phan tich thanh 2 bing tan trén va dudi 1000 Hz kém theo bién do
duoc rat trich dbi véi mdi bang tan. Viéc xir ly cac tin hiéu thanh phén duoc thyc hién boi HWR (Half wave
rectification) va loc Lowpass d6i v6i bang tan cao. Sau d6, ham ty tuong quan tuong tng v6i 2 tin hiéu thanh phan
(Xhigh V@ Xiow) duge xéac dinh tuong tu v6i phuong phap do tim nhip diéu. Két qua hai ham tu tuong quan ACFyign va
ACFo, duoc tao ra. Hai ham nay duoc téng hop lai tao thanh ham tu twong quan tong hop SACF (Summary
autocorrelation function). Ba dinh cao nhét (c6 bién d6 16n nhit) ciia ham SACF duoc chon dé dua vao biéu db cao do
(PItCh Hlstogram PH). Qua trinh ndy duoc ap dung lap di 1ap lai trén cac tin hiéu thanh phin Xi va tich lity vao trong
biéu d6 cao do PH. Tap hop ba dinh cao nhit cia mdi SACF tao thanh PH ddi véi tin hiéu audio. Trong d6, cac dinh
cao nhat ctia mbi SACF twong tmg vdi cac cao do chinh dbi véi doan am thanh d6. Tir biéu do cao d6 PH, hai kiéu biéu
d6 cao d6 duoc tao ra: UPH (Unfolded Pitch Histogram) chira cac thong tin vé pitch range va FPH (Folded Pitch
Histogram) chira cac thong tin vé cac pitch class hodc hoa 4m ctia ban nhac. Chi tiét vé phuong phap tao UPH va FPH
dugc mo ta trong [16].

Xac dinh cac dic trung vé cao d§:

Duya vao UPH va FPH, cac dic trung vé cao d6 duoc xac dinh dé cung cip cac thong tin c6 ich cho viéc phan
loai nhac theo thé loai. Goi P1_U, B2 _U: dinh cao nhit va nhi twong @mg trong UPH; B1_F, B2 _F: dinh cao nhat va
nhi tuong (g trong FPH. Vecto dic trung vé cao d6 1a mot vecto 5 chiéu gdm céac dic trung:

1. FAO: Bién d¢ cia D1_F twong g véi pitch class cao nhét ctia ban nhac (twong tmg véi 4m chu).

2. UPO: Chu ky ctia B1_U. Dic trung nay twong tmg voi viing bat do ciia pitch cao nht trong ban nhac.

3. FPO: Chu ky cuia B1_F. Pac trung nay twong ung vdi pitch class chinh ciia ban nhac.

4. IPO1: Quang cao d¢6 gitra 2 dinh BP1_F va b2 F

5. FAVG: Trung binh bién d9 ctia cac pitch trong FPH. Pic trung nay 1a bién d¢ trung binh ctia cac pitch.
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IV. XAY DUNG HE THONG PHAN LOAI NHAC THEO THE LOAI
4.1. Tap dir liéu dung cho huin luyén va kiém tra

Trong nghién ciru nay, ching t6i sir dung ngudn dir liéu cho hudn luyén va kiém tra la by suu tap nhac
GTZAN [15] gom 10 thé loai nhac vi né duoc sir dung phd bién nhu mot bo suu tap nhac tham khao chuan cho cac
nghién ctru vé phén loai nhac theo thé loai. Dya trén ciu trac phén loai 4m thanh cta b suu tap nhac GTZAN, bén thé
loai nhac Classical, Rock, Jazz, Pop dugc chon ngau nhién dé minh hoa cho hé thdng phan loai nhac theo thé loai.

Trong phwong phép cua ching t6i, ngudn dir liéu dugc chia thanh 2 tap dir lidu: huan luyén va kiém tra. Tap
file audio huan luyén duogc sir dung dé huan luyén cho bd phan loai KNN dé dua ra cac quyét dinh cho hé théng phan
loai nhac trong khi tap file audio kiém tra s& dugc str dung dé danh gia hiéu qua ctia phwong phép dé xuat. Cac file nay
duoc chon ngiu nhién tir bo suu tip GTZAN. Mbi file audio c6 do dai 30s véi tan s6 22050 Hz Mono 16-bit & dinh
dang .wav. S6 file audio st dung trong tap huan luyén va kiém tra twong tng ting thé loai duoc trinh bay trong Bang 1.

Biang 1. S luong tap tin audio ding cho huin luyén va kiém tra

I S S6 lwgng tip tin audio
STT Tén thé loai Huin luyén Kiém tra
1 Classical 150 197
2 Rock 58 74
3 Jazz 81 104
4 Pop 90 93
CONG 379 468

4.2. M hinh téng quat h¢ thong phan loai nhac theo thé loai

Chung toi d& xuat hé théng phan loai nhac theo thé loai gdm 2 pha: rit trich dic trung va huan luyén hodc
phéan loai. Két qua sau khi rat trich dac trung cda tin hi¢u audio 1a mdt tap gém cac dac trung vé am séc, nhip di€u, cao
d6. Chi tiét viéc rit trich dic trung duoc trinh bay trong phan III. Ching t6i sir dung phuong phéap bién dbi wavelet roi
rac (DWT) dé rat trich dic trung vé nhip diéu. Phuong phap phan loai KNN duoc sir dung dé nhan dang cac thé loai
nhac (trinh bay chi tiét trong phan 2.2). Qua trinh huin luyén bao gdm viéc sir dung céc vecto dic trung da duoc gan
nhan thé loai dé huin luyén cho bd phéan loai KNN. Tir do, bo phan loai s€ gan nhan thé loai cho cac vecto dic trung

m&i mot cach t dong. M6 hinh téng quat hé thong phan loai nhac theo thé loai dwgc minh hoa trong Hinh 7.

Huin luyén
Rt trich Vecto dic trung:
dic trun - Am sic Co so fiu liu
: & - Nhip diéu / tiét tAu vecto dac trung
- Cao do
Huén luyén,
Kiém tra 1}%? d}f‘;f 7
Rt trich Vecto dac trung: op Thé loai nhac:
A ; dic trun - Am sic loai KNN) - Classical
_’ ; € [™® - Nnip diéu/ tiét thu - Rock
- Cao do - Jazz
- Pop
Hinh 7. M6 hinh tdng quat hé théng phén loai nhac theo thé loai

Tap cac dic trung st dung cho hé théng phan loai nhac trong nghién ciru nay bao gdm cac dic trung sau day:

- Cdc dic trung vé Gm sic: Gom 19 dic trung: Trung binh va phuong sai cua Centroid, Rolloff, Flux,
ZeroCrossing (8) LowEnergy ( 1) Trung binh va phuong sai cia 5 hé sé6 MFC dau tién (10).

- Cdc ddc trung vé nhip diéu / tiét téu: Gom 6 dic trung: Al, A2, RA, P1, P2, SUM duoc xac dinh tir biéu do
nhip diéu.

- Cdc dic trung vé cao dp: Gom 5 dic trung: FAO, UPO, FPO, IPO1, FAVG dugc xac dinh tir biéu dd cao do.

4.3. Ma tran danh gia dg chinh xac phan loai

Viéc danh gia phuong phap dé xuét dwoc thyc hién boi cac file audio trong tap dit li¢u kiém tra. Két qua phan
loai ctia h¢ thong s€ dugc trinh bay trong ma tran danh gia d6 chinh x4c phan loai nhu Bang 2.
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Béng 2. Ma tran danh gia d6 chinh xac phan loai

Thé loai tién doan
Thé loai (Két qua tién doan tir hé thdng dé xudt) Téng
Classical Rock Jazz Pop cfng
Classical C C1l C2 C3 197
Théloai | Rock R1 R R2 R3 74
thye té Jazz J1 J2 J J3 104
Pop P1 P2 P3 P 93

Trong ma trén ndy, cac gia tri trong ma tran 1a s6 luong tap tin audio trong tap dir lidu kiém tra. Cac phan tir
trong ma tran dugc giai thich nhu sau:

- C,R,J,P: 0 tién dodn dung d6i voi céc file nhac c6 nhan thé loai Classical, Rock, Jazz, Pop tuong img.
- Ci, Ri, Ji, Pi (i = 1,..,4): s0 tién doan sai d6i véi cac file nhac dugc gan nhén thé loai Classical, Rock, Jazz,
Pop tuong tng.

Nhu vay, dong tuwong Gng voi thé loai that sy cta céc file nhac va cot twong Gng voi thé loai tién doan cua céc
file nhac sau khi hé théng dé xuét thuc hién phan loai. Sé tap tin nhac dugc gan nhin thé loai dang ndm trén duong
chéo cua ma tran (cac gia tri in dam: C, R, J, P). Pé danh gia hiéu qua ctia phuong phap dé xuét, do chinh xéc phéan loai
A (Accuracy) dugc st dung va dugc xac dinh boi cong thie (14):

A(%) = C+R+J+P x100%
(C+R+J+P)+> Ci+Ri+Ji+Pi (14)

i=1

V.KET QUA

Phuong phép cua ching t6i duge thuc hién trong moéi truong Visual C++ trén may tinh PC 2.27GHz CPU
Core i5 v6i 3GB Ram d€ thuc hi¢n cai dat h¢ thong phan loai nhac theo thé loai. Cac ket qua trong nghién ctru nay s&
str dung hai tap di liéu huén luyén (379 files audio) va kiém tra (468 files audio) twong umg véi 4 thé loai Classical,
Rock, Jazz, Pop. Céc file nay dugc chon ngau nhién tir by suu tdp GTZAN. Dé danh gia do chinh xac phén loai cta
phuong phap d¢ xuat, ching toi sir dung ma tran danh gia d¢ chinh xac phan loai nhu Bang 2.
Viéc phan loai nhac duoc thyc hién chu yéu dua vao 3 tap dic trung dugce rat trich tir tin hiéu audio nhu sau:
- Téap dac trung 1 (BT1): 19 déc trung yé am sic.
- Tép dac trung 2 (DT2): 6 ddc trung v nhip di¢u.
- Téap dac trung 3 (PT3): 5 dac trung vé cao do.
Chung t6i kiém tra trén hé thong véi viéc rut trich dac trung dya trén mot trong céc tap dac trung trén hodc két
hop chang v&i nhau va sau d6 tim gia tri tham sb k (s6 lang giéng gan nhét) sao cho hé thng dat hiéu qua vé do chinh
X&c phan loai cao nhét. Sau day la cac két qua thuc nghiém trén hé thong trong mot sé truong hop:

5.1. Phan loai dua trén 1 hoic 2 tap dac trung

) Chung t6i thyc nghiém trén hé théng v6i viée phan loai dya trén chi mét hoac 2 tap dac trung. Chung t6i cling
kiém tra trén 1 s6 gia tri tham s6 k (k= 3,..., 7). Trong d6, véi gia tri k = 4, hé thong cho két qua phan loai tot nhat. Vi
vay, chung t6i chon trinh bay trong trudng hop nady. Sau day la két qua danh gia d6 chinh xéac cta viéc phan loai.

Bang 3. DY chinh xac phan loai dua trén 1 tap dac trung voi gia tri Bang 4. B chinh xac phan loai dua trén 2 tap déc trung véi

tham s6 k=4 gié trj tham s k = 4
Tap céc dac trung Tap céc dac trung
PTI (am Séc) DT2 (nhip diéu) | DT3 (cao dd) bT1vabT2 | BT1vabT3 | T2 va bT3
| A (%) 75,2% 63% 59,6% A (%) 79,7% 79,5% 63,5%

Tir két qua trinh bay trong Bang 3 va Bang 4, chiing t6i nhan xét: Néu chiing t6i chi sir dung 1 hodc 2 tap dic
trung thi viéc phén loai nhac theo thé loai tir tin hiéu audio dat d6 chinh xac thép. Két qua nay kho cé thé che‘ip nhan
dugc. Vi vay, chang toi tiép tuc kiém tra trén hé thong ma trong d6 sir dung ca 3 tap didc trung 1, 2 va 3 trong viéc phan
loai nhac (tao nén mdt vecto dac trung 30 chiéu) voi mong mudn lam tang d¢ chinh xac cta viéc phan loai.
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5.2. Phan loai dua trén ca 3 tip dic trung

Chung t6i thyc nghiém trén hé théng véi viée phan loai Béng 5. Ma tran danh gia do chinh x4c phén loai
dua trén ca 3 tap dic trung: 4m sic, nhip diéu va cao do. Tir Bang 5, dung cd 3 tap déc trung véi k=4
ching t6i nhan thiy két qua phan loai cta hé thong dua trén ca 3 tap Classical| Rock Jazz Pop
ddc trung v6i gid tri tham s6 k = 4 nhu sau: tong s6 file audio kiém |Classical| 195 2 0 0
tra: 468, s6 truong hop hé thong tién doan dung: 391 (A=83,5%), s6 | Rock 6 58 9 1
truong hop tién doan sai: 77 (16,5%). Jazz 23 10 59 12
Chung t6i cling kiém tra trén 1 s6 gia tri k khac nhau Pop 1 4 9 79

(k=3,5,6,7). Hinh 8 biéu dién do chinh xéac phén loai sir dung ca 3

tap ddc trung voi céc gid tri k khéc nhau, trong d6 hé thong cho két qua phan loai tot nht voi k = 4. Nguyén nhan Ia
v6i kK = 4 hé thong phan lpai nhac theo thé loai dé xuat dat do chinh xac la: 83,5%. Vi cac gia tri khac cta k, két qua
d6 chinh xac phén loai thap hon. Chang han: k =3 d6 chinh xac chi dat 80,3%.

A 835
84 o O BT ian e
83 - T Nhip
82 O DT cao d6
DT im shc&Naijp
9% 81
A) DT fen sdckean &
80 "' QBT Nhjpkceso &5
79 1043 tlp BT
78
Hinh 8. Db thi biéu di&n do chinh xéac phén loai sir Hinh 9. B4 thi biéu di&n d6 chinh x4c trung binh phan loai nhac dya vao

dung két hop ca 3 tap dic trung cac tap dac trung

Tir cac két qua thuc nghiém trén tap dir liéu kiém tra biéu dién trong Hinh 9 cho thay néu hé thong chi s
dung mét trong 3 tap dic trung vé am sic, nhip diéu hoic cao do, thi viéc phan loai nhac theo thé loai tir tin hiéu audio
dugc thyc hién nhanh hon (thoi gian thyuc hién trung binh 14 30,7 gidy) do s6 chiéu ciia vecto dic trung nho hon, nhung
do chinh xac cua viéc phan loai s& thap hon (dat khoang 60,2% - 74,6%) so v6i truong hop phan loai nhac dya trén ca
3 tép dac trung nay. Tuong tu, néu hé théng phan loai chi dua trén viéc két hop 2 tap dic trung: am sic va nhip diéu;
am sdc va cao do; nhip diéu va cao do thi ciing cho két qua thoi gian thyc hién nhanh hon (trung binh 1a 63,1giay),
trong khi két qua d6 chinh xac cua viéc phan loai thap hon (dat 64,1% - 79,8%) so véi két qua phan loai trong trudng
hop hé théng sir dung két hop ca 3 tap dic trung v6i do chinh xac phan loai trung binh 81,5% va thoi gian thuc hién
trung binh 1a 97,4 gidy. Vi vay, viéc st dung Kkét hop ca 3 tap dac trung am séc, nhip diéu, cao do la rat can thiét déi
v6i hé théng phan loai nhac theo thé loai vi n6 cho két qua phan loai khé chinh xéc.

Nhu vay, phuong phap dé xuét cua chung t6i 1a két hop ca 3 tap dic trung 4m séc, nhip diéu va cao do trong
viéc phan loai nhac theo thé loai boi vi hé thong dua ra két qua phan loai véi d6 chinh xéc cao (trung binh 81,5%). Két
qua ctia phurong phap dé xuat nay 1a tot hon so véi mot s phuwong phap da nghién ctru trude day voi do chinh xac
trung binh dudi 80%. Chang han, trong nghién ctru cua Marco Grimaldi et al. [17] str dung 182 file nhac véi 7 thé loai
khac nhau dé kiém tra hé thong cho két qua do chinh xac phan loai la 52,75% trong truong hop ding phép bién doi
wavelet roi rac va ky thuat phan loai KNN. Phuong phap dé xuét ciing c6 két qua tét hon so véi phuong phap cia
Panagakis et al. [18] vi d6 chinh xac phan loai dat 78,2%, 77,9% va 75,01% khi rt trich cac tdp ddc trung khac nhau tir
cung bo suu tdp nhac GTZAN véi bd phan loai SVM. Mt khac, két qua nghién ctru ctia chung t6i ciing c6 d6 chinh
xé4c phan loai cao hon so véi phuong phap dé xuét boi Tao et al. [19] vi d6 chinh xac phan loai dat 78,6% thyc hién
trén cung tap dir liéu GTZAN va may hoc SVM. Bén canh d6, Chathuranga et al. [6] da dé xuét phuong phéap phan loai
nhac theo thé loai véi tiép can may hoc SVM. Két qua phén loai dat do chinh x4c thip hon phuong phap dé xuit vi nd
chi dat 78% khi thuc hién trén tap dir liéu GTZAN.

VI. KET LUAN

Mot phuong phép phan loai nhac theo thé loai nhanh va chinh xéc 1a rat can thiét dbi véi cac hé thdng quan 1y
mot sb luvong 16n nhac $6. Tuy nhién, day 1a mot cong viéc khong don gian vi cac thé loai nhac van con 1a mot khai
niém mé, tly thudc vao y kién chii quan ciia con ngudi. Trong nghién ctru thyc nghiém nay, ching t6i dé xuét sir dung
cac tap dic trung duge rat trich béi cac cong cu STFT, DWT va bo phéan loai KNN. DWT la m6t ki thuét phan tich tin
hiéu, cung cap mot cach biéu dién tin hiéu trong mién thoi gian va tan s6 dudi dang nén lam cho viée tinh todn nhanh
va hiéu qua. Nghién ctru nay tap trung vao viéc phan loai 4 thé loai nhac: Classical, Rock, Jazz va Pop bang cach sir
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dung két hop ca 3 tap dic trung vé am sic, nhip diéu va cao d6 tao nén mét vecto dic trung 30 chidu. Tap dit liéu dugce
sir dung trong nghién ctru nay lay tir by suu tap nhac GTZAN. Duya trén cac két qua thuc nghiém, phuong phap dé xuat
ctia chiing toi dat do chinh xac trung binh 81,5%. Két qua nghién ctru nay cho do chinh x4c phan loai cao hon mot s6
nghién cru trude d6 ma chi dat d6 chinh xac dudi 80%.

Viéc phén loai nhac theo thé loai duoc thyc hién mot cach tu dong bfmg may tinh va cho két qua kha chinh
X4c 1a hoan toan c6 thé. Nghién ctru ndy cung cap co s khoa hoc cho phit trién cac hé thong truy van thong tin nhac
dua vao ndi dung, phat hién sao chép ban quyén nhac, tim cdc ban nhac c6 cac dac trung gan giong voi cac dac trung
ma ngudi su dung mong mubn, phan tich nhac va 161 bai hat, phan loai ban nhac theo ca si - nhac si, cht thich tu dong
céc tap tin nhac voi nhitng mo ta,... Phuong phap dé xuat co thé ap dung md rong trén cac thé loai nhac khac: Opera,
Rap, Blues, Country, Hip Hop,... Ngoai ra, no cé thé ap dung cho viéc phan loai nhac truyén thong cta Viét Nam nhur:
dan ca Bic b, dan ca Nam bd, Cheo, Boi, Cai luong. Hé thong dé xuat ciing c6 thé ap dung véi cac bo phan loai két
hop khac nhu: SVM, Gaussian, mang Neural,... Ching toi dy dinh thyc nghiém hé théng dé xuat trén mot tap dir lidu
16n (Big Data); nghién ctru va sir dung cac dic trung méi dé c6 thé trich xuét cac thong tin am nhac ¢ y nghia tir cac
tin hiéu am thanh. D6 chinh 1 nhitng huéng nghién ctru cia chung t6i trong thoi gian sip toi.
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MUSIC CLASSIFICATION BY GENRE

USING DISCRETE WAVELET TRANSFORM

Phan Anh Cang, Phan Thugng Cang

ABSTRACT— As the demand for multimedia grows, the development of musical genre classification systems including information
about musical genre is of increasing concern. However, due to the collection of audio files from various sources, the musical genre
classification based on information recorded on file may encounter limitations. To automate searching, organizing and classifying a
huge number of audio files based on their genre is a challenging task. In this paper, we present an approach to identifying musical
genres based on their content including three feature sets for representing timbral texture, rhythmic content and pitch content. We
apply the discrete wavelet transform for decomposing audio signals to determine their rhythmical features. Our method is applied to
identify four musical genres including Classical, Rock, Jazz and Pop. It can be extended to applications related to the different
musical genres or the music information retrieval systems, the music copyright matching systems, ... We present experimental results
that show that our approach is effective in identifying the musical genre of the audio file with acceptable level of confidence.



