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Tom tit: Trong nhitng nam gan day, bai toan phan logi am thanh da thu hit sw quan
tdm ddang ké nho tiém nang g dung réng rdi trong linh viee ky thudt va viéc trich xuat déic
trung dm thanh déng vai tro then chét trong qud trinh phdn loai nay. Bai bdo ndy trinh bay
hé thong phan logi am thanh nhac cu sir dung két hop cdc phwong phdp trich chon ddc trung
am thanh phé bién va cdc mé hinh hoc sGu. Tin hiéu ém thanh dwoc chuyén doi thanh céc
biéu dién phé thoi-tan sé nhw Short-Time Fourier Transform (STFT), Mel-spectrogram, hé
$6 MFCC va MFCC kém hé s6 delta. Cdc dic trung nay dwoc dwa vao ba mé hinh CNN:
SimpleCNN, MobileNetV2 va VGG16. Thi nghiém trén dir liéu Solo MUSIC cho thdy Mel-
spectrogram va MFECC+delta cho két qua chinh xdc va F1-score cao nhdt. MobileNetV?2 ddp
g tot yéu cau tinh todn nhe nhwng van giir dwoc hiéu qua.

Tir khoa: Tri tu¢ nhan tao, Hoc sau, Phan loai dm thanh, Trich chon dac trung, Mang no-ron
tich chap

I. Pit van dé

Trong nhitng nim gan day, hé thong
thong minh dya trén am thanh da thu hut
su quan tam 16n, dac biét 1a bai toan phan
loai 4m thanh nhac cu — chu dé quan trong
trong xu ly tin hi¢u &m thanh va 4m nhac
sd. Bai toan nay c6 nhiéu ung dung thiét
thuc nhu nhan dién nhac cu trong ban

nhac, hd trg gidng day 4m nhac, giam sat

!'Truong Pai hoc Mo Ha Noi
2 Pai hoc Bach khoa Ha Noi

am thanh va tong hop dir liéu cho cac mo
hinh 4am thanh.

Phan loai am thanh hudéng dén viec
xé4c dinh va chia céc tin hiéu dau vao thanh
nhitng nhom am thanh da dinh nghia.
Ngudn dau vao thudng 1a cac tép (.wav)
duoc ghi lai tr nhac cu, tiéng moi truong
hodc cac loai am khac. Mot trong nhiing

thach thirc 16n 14 sy tring lap vé dic trung



giita cac loai 4m thanh, sy thay doi do moi
truong thu m va thiét bi ghi am.

Giai phap pho bién 1a chuyén d6i am
thanh sang mién dic trung trude khi dua
vao mo hinh phan loai. Trong nhiéu nghién
ctru gan day (Li et al., 2001; Boddapati
et al.,, 2017; Cowling et al., 2003;
Bountourakis et al., 2015; Bountourakis
et al., 2019), quy trinh chung thudng gdm
hai budc: phén tich tin hiéu va trich xuét
dic trung. Budc trich xudt gitp giam
nhiéu va chi giir lai cac thong tin c6 gia tri
cho mo6 hinh. Cac dac trung thuong chia
thanh hai nhom: dang séng (Gong et al.,
2023; Naman et al., 2025) va phd (Wu et
al., 2018; Pons et al., 2017; Choi et al.,
2016). Nhom dau xir Iy dir liéu 4m thanh
¢ dang tin hi¢u 1 chiéu, trong khi nhém
phé dung bién d6i Fourier dé tao dai dién
tan so—thoi gian.

Li et al. (2001) cho thay dic trung
LPC va MFCC c6 hiu qua cao trong phan
loai am thanh. Dhanalakshmi et al. (2009)
phan loai sau loai am thanh st dung td hop
cac dac trung nhu LPC, MFCC, LPCC.
Sau budc trich chon dac trung, mé hinh
hoc may hodc hoc sdu s¢ ddm nhan nhiém
vu phan loai.

Mic du da c6 nhiéu nghién ctru lién
quan dén viéc ap dung cac dic trung va
mo hinh hoc sau trong phan loai am thanh,
van con thiéu cac nghién ciru so sanh truc
tiép giita cac phuong phap trich xuét dic
trung dudi dang hinh anh khi 4p dung 1én
mod hinh CNN, dac biét voi dir liéu am
thanh nhac cy. Hi¢u qua phan loai phu
thudc dang ké vao cach trich chon dic
trueng va kién trac mé hinh sir dung.
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Nghién ctru nay tap trung so sanh
bén phuong phap trich xuit phd bién
gém: STFT, Mel Spectrogram, MFCC va
MFCC+Delta, ap dung lan luot cho ba mo
hinh CNN: SimpleCNN, MobileNetV2 va
VGG16. Muc tiéu 1a xac dinh su két hop
nao gitra phuong phap trich xuit va mé
hinh mang cho hi¢u suét cao nhét khi phan
loai am thanh nhac cu.

Phan tiép theo cua bai bao dugc
trinh bay nhu sau: Phan II téng quan cac
co s& 1y thuyét; Phan 11 mo ta chi tiét cac
mo hinh st dung va quy trinh hudn luyén;
Phan IV trinh bay két qua thuc nghiém va
phan tich hi¢u suat; Phan V két luan va
dinh hudng nghién ctru tuong lai.

IL. Co sé 1y thuyét

2.1. Cdc phwong phdp bién doi va

trich chon dac trung dm thanh nhac cu

2.1.1. Phwong phap STFT va Mel

Spectrogram

Short-Time  Fourier = Transform
(STFT) 1a mot k¥ thuat phan tich tin hiéu
trong mién thoi gian—tan sb, cho phép ta
quan sat cach ning luong tin hiéu phan bd
theo tan s thay doi theo thoi gian. Vé co
ban, STFT thuc hién viéc chia tin hiéu dai
thanh cac doan con ngén, sau do 4p dung
phép bién d6i Fourier roi rac (DFT) lén
timg doan dé thu duoc phd tan cua ting
khung thoi gian.

Trude khi thyc hién DFT, mdi khung
x [n]=x[n+mR] dugc nhan v6i mot ham
ctra s6 w/n/. Thuong s& sir dung ham ctra
s6 Hamming. V& mit hinh thirc, STFT c6
céc dic tinh cuc bo do su ton tai cua ham
ctra s6 w(?), do 6 no vira 1a ham thoi gian
vira 1a ham tan s6. Trong mot khoang thoi
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gian nhét dinh, STET cua tin hiéu c6 thé
duoc coi 1a phd tai thoi diém do, tic 1a

phé cuc bo.

g
3 STFT
&

Hinh 1: STFT

Nam 1937, Stevens, Volkmann va
Newmann dé xuat mot don vi cao do trong
d6 su khac biét twong tu bang voi ngudi
nghe dit tén 1a Mel Scale. Diéu khién Mel
Scale tr¢ thanh nén tang co ban trong cac
mg dung Machine Learning (ML) ddi voi
am thanh 12 vi n6 bét chudc nhén thic cia
con ngudi vé 4m thanh. Ching ta thuc
hién phép toan trén tan s6 dé bién no6 thanh
thang do Mel Scale.

PITCH IN MELS
—
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Hinh 2: Thang do Mel Scale

Mel Spectrogram 1a mot biéu dd
tan s6 gidng nhu Spectrogram tiéu chuan,
nhung truc tan sd y duoc thay thé bang gia
tri Mel Scale ctia n6. Diéu nay cho phép
chung ta biéu dién mtc d6 hién dién cua

cac tan sb theo cach cam nhan cua chung
ta vé am thanh, gitp dat duoc do phan giai
t6t hon & céc tan s thap.

2.1.2. Phuong phap Mel-frequency
Cepstral Coefficients (MFCC)

MFCC 1a phuong phap trich xuét
dic trung tan sé mo phong cach tai ngudi
cam nhén 4m thanh. Qua trinh gdm: chia
tin hi¢u thanh cac khung nho (thuong dung
ctra s6 Hanning), 4p dung DFT dé thu phé
cong sudt, sau d6 chiéu phd nay 1én cac bo
loc tam giac theo thang Mel—tuyén tinh
dudi 1 kHz va logarit phia trén—phan anh
d6 nhay tan s ctia con ngudi. Ké tiép, pho
nang lugng duoc log héa va bién d6i DCT
dé thu duge cac hé sb cepstral, thé hién
dac trung ham loc (formant) cia &m thanh.
Thong thuong, chi giit 12 hé sb cepstral
dau tién, cong thém hé sb thur 13 dai dién
cho nang lugng khung, gitip phan biét cac
muc cuong do. MFCC nho vay tao ra véc-
to dac trung c6 dong, hi¢u qua cho nhan
dang giong ndi va phan loai am thanh.
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Hinh 3: Anh phé MECC

Tuy nhién, am thanh khong hoan
toan tinh, ma thay ddi theo thoi gian. Dé
bat dugc dic trung dong, nguoi ta bo
sung thém cac hé s delta (A) va delta-
delta (AA) cho mdi khung. Delta phan
anh téc do thay doi giira cac khung, con
delta-delta 13 gia téc. Vi N =2 (s6 khung
lui/tién), mdi khung c6 tong cong 39 dic



trung: 12 cepstral, 1 ndng lugng, 12 A, 12
AA, 1 A nang lugng va 1 AA nang luong.
Diéu nay gitip md hinh hoc sau hiéu rd ca
phé tinh 1an chuyén dong ngin han—rét
quan trong cho dir li€u phi tinh nhu giong
no6i hay nhac cu. Trong nghién ctru nay, ta
goi MFCC gbc gdom 13 hé sb 1a MFCC,
con phién ban day du 39 hé sé (gém ca A
va AA) 1a MFCC Feature.

2.2. Cac mé hinh phdn loai dm

thanh nhac cu

2.2.1. Mang no-ron tich chdp

Mang neural tich chip (CNN) su
dung dir liéu ba chiéu dé phan loai hinh
anh va nhéan dang déi tuong. La mat phén
cua hoc may va trung tam cua céac thuéat
toan hoc sau (Deep Learning), mang
neural gdm céc 16p nit: dau vao, 4n va dau
ra. Cac nat két ndi voi nhau, cé trong sb
(weight) va ngudng (threshold). Néu dau
ra vugt ngudng, dir liéu dugc truyén dén
16p tiép theo. Cac mang neural khac nhau
duoc st dung cho cac loai dir li¢u khac
nhau: mang hoi quy cho ngon ngir ty nhién
va nhdn dang giong noi, CNNs cho phan
loai va thi gidc may tinh. Truéc CNN,
viéc nhan dién d6i trong doi hoi trich xudt
dic trung thi cong. CNN hién cung cép
phuong phap mo rong hon, sir dung dai s6
tuyén tinh, nhung doi hoi nhiéu tinh toan
va GPU @& huén luyén mé hinh.

2.2.2. Mang MobieNetV2

Hién nay, nhiéu mé hinh Deep
Learning dugc thiét ké v6i hang triéu
tham s6 va ciu trc rat phtc tap dé dat do
chinh xéac cao, nhd sy phat trién nhanh ctia
phan cimg nhu GPU va TPU. Tuy nhién,
cac thiét bi nay rat dit do va khong phai la
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lya chon kha thi cho moi nghién ctu. Khi
trién khai mo hinh trén cac thiét bi phan
cting han ché (edge devices) nhu vi diéu
khién hodc may tinh nhing, ta cin cac
mo hinh nhé gon, nhanh va tiét kiém tai
nguyén. MobileNet 1a mot trong s6 do.

MobileNetV2 1a mot kién tric CNN
duoc thiét ké dé dat hiéu qua cao trong cac
tac vu thi gidc may tinh, déng thoi toi vu
héa cho thiét bi di dong va nhung. Puogc
Google gidithi¢unam 2018, MobileNetV2
1a ban nang cip tr MobileNetV1, véi
hai cai tién chinh: Linear bottlenecks va
Inverted Residual Blocks.

MobileNetV2 da ching to la mot
gidi phap manh mé trong viéc phan loai
am thanh, nho vao thiét ké kién tric linh
hoat va kha ning toi wu hoa tai nguyén.
Mic du ban dau duoc phat trién dé giai
quyét cac bai toan thi giac may tinh nhu
phan loai hinh &anh, MobileNetV2 co6
thé d& dang thich Gng dé xu ly dit licu
am thanh, dac biét 1a khi am thanh duoc
chuyén d6i thanh cac biéu dién hinh anh
nhu Spectrograms hodc cac dang phd
khac. Nhiing biéu dién nay chuyén doi tin
hiéu am thanh thanh dang truc quan, cho
phép MobileNetV2 khai thac nhitng kha
nang manh mé cua minh trong vi¢c nhan
dién va phan loai céc dac trung phtc tap.

2.2.3. M6 hinh VGG16

VGG16 1a mdt clu tric mang no-
ron tich chiap (CNN) duoc dé xuit bai
Visual Geometry Group (VGQG) tai Dai
hoc Oxford. M6 hinh nay noi bat voi
d6 siu bao gdm 16 16p, trong d6 co 13
16p tich chap va 3 16p két ndi day di.
VGG16 dugc biét dén voi sy don gian
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va hi¢u qua, cling nhu kha nang dat hi¢u
sudt manh mé trong nhiéu nhiém vu thi
gidc may tinh, bao gdm phan loai hinh
anh va nhan dién ddi tuong. Céu trac cta
mod hinh bao gdm mét chudi cac 16p tich
chap tiép theo 1a cac 16p max-pooling véi
dd sau ngay cang tang cho phép md hinh

hoc dugc cac dac trung hinh anh theo cép
bac phirc tap, dan dén dy doan chinh xéac
va dang tin cay. Du c6 sy don gidn so véi
céc cAu trac hién dai hon, VGG 16 van 1a
su lua chon phé bién cho nhiéu ung dung
hoc sau nho vao tinh linh hoat va hiéu
suit xuét sic cla no.
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Hinh 4: C4u trac VGG16

VGG16 ndi bat véi su don gian va
ciu trac dong nhat, giup dé dang hiéu va
trién khai. Cdu hinh cia VGG16 thudng
bao gébm 16 16p, trong do6 c6 13 16p
convolutional va 3 16p fully connected. Cac
16p nay duogc td chue thanh cac khdi, moi
khéi chira nhiéu 16p tich chép tiép theo 1a
mot 10p max-pooling dé giam kich thudc.

I11. Phwong phap nghién ciru
3.1. Mé hinh dé xudt

Nghién ctru nay s€ thyc hién phan
loai 4am thanh cac nhac cu bang 4 phuong
phap trich chon déc trung trén 3 md hinh
CNN khéac nhau. Tir 40, c6 thé danh gia

B6 bién ddi, trich
chon dac treng 4m

mot cach khach quan nhét vai tro, anh
hudng cia 4 phuong phap bién d6i va
trich chon dic trung nay. Pau vao cia mo
hinh 1a cac file am thanh tho duoc thu tu
nhiéu loai nhac cu khac nhau. Dé xur ly va
phan loai cac am thanh nay, dau tién, cac
file 4m thanh s& dugc 4p dung bén phuong
phap trich xuit ddc trung 4m thanh khac
nhau: STFT, Mel Spectrogram, MFCC va
MFCC Feature. Mdi phuong phap trich
xuat dic trung nay s& chuyén doi dir liéu
am thanh tho thanh bon tip dir liéu hinh
anh riéng biét, mdi hinh anh trong tap déu
c6 kich thudc , tuong Gng voi cac dac
trung cua bon phép trich chon dic trung.
OUTPUT

thanh

INPUT STFT

B nhén dién, phan
loai &m thanh

SimpleCNN

» Classifier >

Mel R
'II"Ill' Spectrogram -

MFCC

MFCC Feature

MobileNetv2

g

VGG16

OO OO0)

Hinh 5: M6 hinh dé xuét



Sau khi trich xudt dic trung hoan
tat, bon tap dir liéu hinh anh twong tng
v6i cac phuong phap sé dugc dua vao ba
mo hinh CNN khac nhau: SimpleCNN,
MobileNetV2 va VGG16. Mdi md hinh s&
xtr Iy dau vao dé phan loai 4m thanh nhac
cu tuong ung. Viéc két hop bén phuong
phap trich xuat ddc trung voi ba kién tric
CNN cho phép so sanh hiéu suit timg
phuong phép trén timg mo hinh. Két qua
thu duoc s& cho biét am thanh dugc phan
loai vao ding nhom nhac cu nao dua trén
dac trung hoc dugc. Muc ti€u 1a tim ra sy

3.2. Tap dir liéu
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két hop ti wu giita k§y thuat trich dic trung
va mo hinh phan loai nhim nang cao do
chinh x4c va hiéu suét toan hé théng. Mo
hinh dau tién, SimpleCNN, st dung cac
16p tich chap co ban dé 1am chudn tham
chiéu. Tiép theo 1a MobileNetV2, duoc
thiét ké toi wu cho thiét b tai nguyén han
ché véi kién trac nhe, toc do nhanh, nhung
c6 thé kém hon vé do chinh xac so véi
cac mo hinh 16n. Cudi cung 1a VGGI6,
md hinh 16n véi nhiéu tham s6, doi hoi
tai nguyén tinh toan cao va thoi gian huin
luyén 1au, nhung mang lai hi¢u qua cao.

Bang 1: Chi tiét bo dir licu MUSIC Solo

Nhac cu Tap huén luyén Tép kiém tra Tong
Accordion 603 151 754
Acoustic Guitar 733 183 916
Cello 664 166 830
Clarinet 274 68 342
Erhu 436 109 545
Flute 357 89 446
Saxophone 209 52 261
Trumpet 179 45 224
Tuba 331 83 414
Violin 489 123 612
Xylophone 403 101 504
Tong 11 nhac cu 4678 1170 5848

Muc ti€u cua nghién ctru nay la phat
trién, cai thién hiéu suét cta bai toan phan
tach ngudn 4m thanh, vi vy tac gia s
dung bo dit liéu MUSIC Solo (Montesinos
et al., 2020) dang dugc sir dung pho bién
trong bai toan phéan tach ngudn 4m thanh dé
thuc hién tht nghiém. B¢ dir liéu nay bao
gdm cac doan 4m thanh duoc thu 4m tir céc
nhac cu choi don (solo), tirc 1a mdi doan
am thanh chi c6 mét nhac cu duy nhét. Céac
tép am thanh trong by data c6 dinh dang
(.wav) voi tbe do lay mau 1a 11025Hz.
Bo dir liéu c6 5848 file am thanh solo

cua 11 loai nhac cu bao gém: Accordion,
Acoustic Guitar, Cello, Clarinet, Erhu,
Flute, Saxophone, Trumpet, Tuba, Violin,
Xylophone. Cac tép am thanh nay duogc
chia theo ty 1 80:20 thanh cac tap huén
luyén va kiém tra tuong (mg.

3.3. Phuong phadp danh gia

3.3.1. Do chinh xac tung [op
(Precision)

Precision do lirong ty 1é cdc mau
duoc dw doan thudc mot lop cu thé la

chinh xdac (tiec la thuce sy thudc lop do).
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TP

Precision = W

Trong do:

o TP (True Positive): S6 mau thudc
lop do va duoc dy dodn dung.

e FP (False Positive): S6 mau khong
thuoc 16p do nhung bi dy dodn nham vdo
lop do.

3.3.2. Bo nhay (Recall)

Recall do luong kha nang phat hién
dung cac mau thuc su thubc vé mot lop
cu thé.

TP

Reeall = T+ N

Trong do:

« FN (False Negative): S6 mau
thuoc lop do nhung bi dv dodn nham sang
16p khac.

3.3.3. F1-Score

F1-Score la trung binh diéu hoa
gitta Precision va Recall, gitip cdn bang
gitta hai chi s6 nay, ddc biét hiru ich khi
dit liéu khéng cdn bang.

PrecisionxRecall
Precision+Recall

F1 - Score =2 x

IV. Két qua thue nghiém
4.1. Két qud so sdnh theo cic phuong
phdp bién déi va trich chon diic trung

Nhin vao Bang 2, c6 thé nhan thiy
rang d6i voi bai toan phan loai 4m thanh

am nhac, cu thé la phéan loai am thanh
nhac cu st dung mo hinh CNN thi céac
phuong phép phén tich Spectrogram cho
két qua t6t hon cac phuong phap phén tich
hé s6 Cepstral. Cac chi s6 hiéu suat cta
phuong phép phan tich Spectrogram dat tir
0.904 — 0.948 voi ca 3 mo hinh, trong khi
cac phuong phap phan tich hé s6 Cepstral
chi dat tir 0.815 — 0.880. Gia thuyét dua
ra ¢6 thé do cac phuong phép phan tich
Spectrogram bao ton thong tin vé ca tan
s6 va thoi gian, diéu nay rat hitu ich khi st
dung cdc md hinh hoc sau nhu CNN. Trong
khi d6 cac phuwong phap phén tich hé sd
Cepstral khong bao ton thong tin thoi gian
t6t nhu Spectrogram, nén kho dé nam bit
nhing thay doi nho trong tin hidu. Ngoai
ra cac phuong phap niy con co thé bo qua
mot s6 chi tiét quan trong trong tin hi¢u
am thanh so véi Spectrogram. Véi phuong
phap phéan tich hé sb Cepstral, phuong
phap MFECC tinh A va AA dé c6 thém céc
dic trung vé sy khac biét giita hai khung
lién tiép cho két qua tét hon MECC véi
13 hé s6 thong thuong. V&i phuong phap
phéan tich Spectrogram, phuong phap Mel
Spectrogram ciing cho két qua t6t hon so
v6i STFT thong thuong nho bo loc tan sb
Mel. Nhu vay, trong 4 phuong phéap phan
tich va trich chon dac trung ¢ trong nghién
ciru nay, phuwong phap Mel Spectrogram
cho két qua tét nhat.

Bang 2: Két qua so sanh theo cac phuong phéap bién ddi va trich chon dic trung

CNN MobieNetV2 VGG16
P R F1 P R F1 P R F1
STFT 0.925 ] 0916 | 0.924 | 0.919 | 0.904 | 0.909 | 0.917 | 0.915 | 0.916
Mel Spectrogram | 0.928 | 0.929 | 0.927 | 0.935 | 0.927 | 0.933 | 0.946 | 0.951 | 0.948
MFCC 0.858 | 0.858 | 0.855 | 0.878 | 0.845 | 0.855 | 0.833 | 0.815 | 0.815
MFCC Feature 0.881 | 0.880 | 0.880 | 0.860 | 0.852 | 0.855 | 0.874 | 0.854 | 0.860
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4.2. Két qud so sanh theo cdc mé hinh phén logi

Precision Avg

- e——

et

Hinh 6: B§ chinh xac theo 16p, dd nhay, F1- Score trung binh ctia cdic m6 hinh

Nhin vao biéu dd so sanh két qua
c4c md hinh, c6 thé nhan théy rﬁng:

e M6 hinh VGG16 véi phuong phéap
Mel Spectrogram cho két qua tot nhét
v6i tht ca phép do déu dat gia tri 95%.
Tuy nhién mé hinh nay ton kha nhiéu tai
nguyén, thoi gian hudn luyén kha dai va
lau nhat trong ca 3 mé hinh, dong thoi véi
phuong phap trich xuat cé it dic trung
duogc thé hién hon nhu MFCC thi mé hinh
lai cho két qua thap nhat.

M6 hinh MobileNetV2 ¢6 vu diém
nhe hon, c6 thoi gian huin luyén nhanh
nhat trong ca 3 mo hinh, ton it tai nguyén
nguyén hon, nhung két qua lai thap nhat
dbi voi phuong phap STFT ma MFCC
Feature.

e M6 hinh SimpleCNN c¢ thoi gian
huén luyén ¢ mirc trung binh nhung lai cho
két qua kha tot v6i 3 phuong phap STFT,
MFCC va MFCC Feature. Tuy nhién ¢

phuong phdp Spectrogram mo hinh nay
lai cho két qua thap nhat.

V. Két luin

Trong nghién ctu nay nay, tac gia
da dé xuat mot mo hinh cho bai toan phan
loai am thanh nhac cu. Qua thir nghiém
v6i cac phuong phap, cac mo hinh phan
loai am thanh va céc phuong phép dénh
gia khac nhau, c6 thé nhan thiy rang
phuong phap Mel Spectrogram voi mo
hinh VGG16 cho két qua hiéu suit cao
nhat 18n t&i 95%. V6i két qua nay c6 thé
thidy rang Mel Spectrogram la phuong
phép vo cung hiéu trong cac k¥ thuat phan
loai am thanh nhac cu dugc thur nghiém.
Két qua nay khong chi cho thdy kha ning
manh mé& cia Mel Spectrogram trong vi¢c
trich xudt cac dic trung 4m thanh quan
trong, ma con ching minh hi¢u qua cua
mo hinh VGG16 trong viéc phan loai am
thanh v6i d6 chinh x4c cao. Két qua nay
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c6 thé dugc xem nhu l1a budéc dém quan

trong dé trién khai 1én mé hinh phén tach

ngudn am thanh, m¢ ra kha ndng nghién

ctru sau hon vé céach to1i uvu hoa va ap dung

cac phuong phap phan loai am thanh trong

cac tinh huong va diéu kién khac nhau.
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MUSICAL INSTRUMENT CLASSIFICATION
USING SPECTRAL FEATURES AND CONVOLUTIONAL
NEURAL NETWORKS

Pham Thi Thu Trang’, Duong Tan Nghia’

Abstract: In recent years, the problem of sound classification has attracted considerable
attention due to its wide range of applications in engineering. Feature extraction plays a
crucial role in the classification process. This paper presents a musical instrument sound
classification system that combines popular spectral feature extraction methods with deep
learning models. Audio signals are transformed into time-frequency representations such
as Short-Time Fourier Transform (STFT), Mel-spectrogram, Mel-Frequency Cepstral
Coefficients (MFCC), and MFCC with delta coefficients. These features are fed into three
convolutional neural network models: SimpleCNN, MobileNetV2, and VGG16. Experiments
conducted on the Solo MUSIC dataset show that Mel-spectrogram and MFCC+delta achieve
the highest accuracy and Fl-score. Among the models, MobileNetV2 strikes a good balance

between computational efficiency and performance..

Keywords: artificial Intelligence, deep learning, sound classification, feature extraction,
convolutional neural Network
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