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TOM TAT
Hién nay, mé hinh hoc sdu dwoc str dung réng rdi trong nhiéu
bai todn khdc nhau va dd chitng té sw vwot troi so véi cdc phwong
phdp truyén théng. Bdc biét, trong linh viec phdn 16p Gm thanh méi
trwong, nhiéu nghién ctru da dat dwoc két qud ddng ké trong nhitng
ndm gdn ddy. Tuy nhién, hiéu qud ctia cdc mé hinh st dung ddc
trung dm thanh nhw log-mel spectrogram (LM), hé sé cepstral tdn
s6 mel (MFCC) hodc dang séng thé (waveform) dé hudn luyén mang
no-ron sdu cho bai todn phéan I6p am thanh méi trwong (ESC) van
chwa datyéu cdu. Trong bai bdo nay, chiing téi dé xudt phwong phdp
két hop hai ddc trung MFCC va Mel Spectrogram détao ra mét biéu
dién toan dién hon cho Gm thanh méi trwomg dwoc goi la ddc trung
MMS lam ddu vao dé hudn luyén mang véi tén goi la CNN-MMS, mé
hinh dwoc hudn luyén trén b div liéu UrbanSound8K. Két qud thuc
nghiém cho thdy mé hinh CNN-MMS dwoc dé xudt ciing dat 91% do6
chinh xdc so v&i mot s6 mé hinh CNN dwoc dé xudt trwdce dé trén

cung tdp dir liéu.
ABSTRACT

Nowadays, deep learning models have become widely adopted
across various tasks, consistently outperforming traditional
approaches. In the domain of environmental sound classification,
recent studies have reported significant advancements. However,
the effectiveness of existing models that rely on audio features such
as log-mel spectrogram (LM), mel-frequency cepstral coefficients
(MFCC), or raw waveforms to train deep neural networks for
environmental sound classification (ESC) still falls short of
expectations. In this study, we introduce a novel approach that
integrates MFCC and Mel Spectrogram features to construct a more
holistic representation of environmental sounds, termed the MMS
feature. This feature is then used as input for training a
convolutional neural network, named CNN-MMS, on the
UrbanSound8K dataset. Experimental results indicate that the
proposed CNN-MMS model achieves an accuracy of 91%, surpassing
several previously introduced CNN models on the same dataset.

1. Pit van deé

Nhan dang am thanh Ia mét Iinh vyc
quan trong trong nhan dang mau, véi
nhiéu &ng dung tir nhan dang tiéng nai,
truy van thong tin &m nhac dén phéan lép
am thanh moi trwedong (ESC). ESC cé vai

tro thiét yéu trong nhiéu &ng dung thuwc
t€ nhw tro thinh, phan tich b6i canh
video, gidm sat 4m thanh, va gidm tiéng
on do thi.

Cac phwong phap truyén théng st
dung ky thuét trich xuit dic trung va mo
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hinh hoc may nhw SVM, GMM, KNN cho
ESC nhung két qua dat duoc van con han
ché do khong c6 kha ning tw dong trich
xudt dac trung toi wu. Trong khi do, hoc
sdu, dac biét la mang no-ron tich chap
(CNN), da dat nhiéu thanh twu trong nhin
dang Am thanh nh¢ kha nang tw dong hoc
dac trwng tr dit liéu tho.

Trong nhitng nghién ctu vé ESC
trwéc do, thong thuwong cd hai phwong
phéap tién xt¥ 1y tin hiéu va may hoc déu st
dung hé s6 ma tran, hoc tir dién, ngin
hang bo loc séng con va nhirng dic trung
Cepstral (nghia la nhitng dac trung co
duwgc bang cach bién d6i Fourier roi rac
DFT- Discrete Fourier Transform hoac
DCT - Discrete Cosine Transform cta pho
tin hiéu) nhw GTCC - Gammatone Cepstral
Coefficients (Sang, ., Park, S., & Lee, ],
2018). Qua trinh nay dwogc goi la “thiét ké
dac trung”, yéu cau nhitng ky thuat va
kién thirc chuyén siu vé bai todn va linh
viwc nghién ctru. Ngoai ra, thiét ké dac
trung thwong 1a thiét ké theo kinh nghiém
va c6 thé khong t6i wu cho ESC.

Nghién cru nay dé xuat mot phwong
phap hoc sdu m&i cho bai toan phan lép
am thanh moi trweong do thi. Cu thé, tac
gia xdy dwng mé hinh CNN véi dau vao la
bo dir liéu UrbanSound8K, str dung dac
trung MFCC va Mel Spectrogram két hop
thanh dac treung MMS. Hiéu qua mé hinh
CNN-MMS sé dugc so sanh véi cac nghién
clu trwdrec dé€ danh gia kha nang cai thién
phan l&p am thanh moi trwong do thi, tao
tién dé cho cac nghién ctru tiép theo.

2. Tong quan nghién cku va
phwong phap nghién ciru

2.1 Tong quan nghién ciru

Trong nhirng nam gan diy, s6 lwgng
cac nghién ctru vé mé hinh CNN ngay cang
tang. Diéu nay chirng té rang cdc mo hinh
CNN hoat dong vuwot tréi hon phwong
phép truyén théng trong nhirng bai toan
phan 1&p khac nhau. Pang cht y 1a nghién
ciru cia K. Piczak (Piczak, September
2015) trong nhan dang am thanh, day la
danh gia dau tién vé hiéu qua st dung
CNN trong bai toan ESC. Nghién cttu nay
da dé xuat mot hé thong ESC véi mo hinh
CNN bao gom hai 1&p max-pooling va hai
16p full connections. Pac trueng 4m thanh
Log-mel spectrograms dwoc rut trich dé
huén luyén cho mé hinh CNN nay. Két qua
nghién ctru cho thiy d6 chinh xac phin
16p dat 71.7% cao hon nhitng m6 hinh
truyén thong.

Nam 2018, nhém nghién cttru Zhichao
Zhang va cong sy da dé xuat moét mo hinh
CNN dwa trén VGG Net str dung bo loc
Convolution 1-D dé hoc cdc miu qua tin
sO va thoi gian twong &ng (Zhang, Z., Xu,
S, Cao, S, & Zhang, S, 2018). Phwong
phap nay thwc hién t6t hon CNN st dung
b0 loc tich chap 3x3 vé&i mang cung do
sau. Trong nghién ctru nay, nhom tac gia
da dé xudt mét mang CNN siu cho hé
théng ESC. Kién tric cia mang nay la st
dung cac 1&p convolutional va pooling dé
rut trich cac dac trueng cap cao tir nhirng
dac trung quang phé, dong thoi tron hai
mau dwgc chon ngau nhién tir bd dit liéu
ban dau dé1am dir liéu huin luyén cho mo
hinh CNN. Thuc nghiém dwgc thuc hién
trén bo dir liéu UrbanSound8K va dat do
chinh xac phan 16p t¢i 83.7%.

B. Zhu va cong sy da dé xuat mot mo
hinh CNN co ban goi la WaveNet st dung
dic trung multi-scale dé hoc toan bd
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thong tin ctia am thanh méi trweong (Zhu,
va nhirng tac gid khac, 2018). Dau tién,
dac trung dwoc rut trich tir mot file ghi am
thong qua 1&p tich chip - Conv thi nhat
st dung ba kich thwéc bd loc khac nhau.
Lé&p Conv thir hai st dung pool-size twong
rng dé cho so chiéu cua nhirng dac trung
nay bang nhau va sau d6 ba dic trung
dwgc noi thanh dang dac trung multi-
scale. Thém nita, nhirng dic treng nay két
hop véi mot Log-Mel Spectrogram va
thwc hién t6t hon nhirng hé thong khac
trén bo dir liéu ESC-50.

2.2 Phwong phdp nghién ciru

Trong bai bdo nay, ching téi ap
dung ky thuat Deep Learning, cu thé la
mé hinh CNN-MMC (Hinh 1), dé phan
16p Am thanh moi trwong. Khi mot mau
am thanh cé thoi lwgng vai gidy dwéi
dinh dang may tinh c6 thé doc (file .wav)
dwoc dwa vao mo6 hinh CNN- MMC sé xac

MFCC

"

Séng am thanh

Mel Spectrogram

dinh xem 4m thanh dé c6 thudc vé 16p
dir liéu muc tiéu hay khong. Néu khong
nhin dién dwoc 1é6p 4m thanh cu thé,
miu d6 sé dwoc phan lép vao nhém
unknown.

Dir liéu diu vao sé dwoc rut trich cac
dac trueng quan trong nhw MFCC va Mel
Spectrogram, sau d6 két hop ching dé
lam d4u vao hudn luyén cho mo hinh. Dé
danh gid hiéu suit mo hinh, chung téi st
dung do chinh xac phan lép, dwoc xac
dinh bang ty 1& du doan chinh xac so v&i
tong s6 mau du doan.

Po chinh xac

_ S6lwgng phan dy doan ding

Tong s6 dw doan

TP+TN

hay Po chinh xac = —————;
' TP+TN+FP+FN

trong d6 TP = True Positives, TN =
True Negatives, FP = False Positives, va
FN = False Negatives.

1024 10

_—
| Kétqua

I I phan loai

Soft >

Max

Hinh 1. M6 hinh CNN véi dac trung MMS

D6 chinh xac phan 1ép la thwéc do toi
wu, ddc biét trong trwvong hop tap dir
liéu c6 sw phan b6 déng déu gitra cac
1&p. Hiéu sudt cua hé thong chi yéu
phu thubc vao viéc rut trich dac
trweng phu hop, gitp biéu dién chinh

x4c cac dic diém cia Am thanh moi
trueong.

3. Noi dung
3.1. Tap dir liéu va ddc trwng

3.1.1. Tdp dir liéu a@m thanh moéi
trwong doé thi UrbanSound8K
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Dbé thwc nghiém va danh gid mo hinh,
bai
UrbanSound8K, dwgc xay dung dua trén
cac hé thong phan 16p da dwoc dé xult
truéc do, véi tong thoi lwgng 27 gio. Tap
dirliéu nay bao gobm 8.732 doan 4m thanh
c6 nhin, véi dd dai va tan s6 14y mau khac
nhau. Cadc am thanh trong tap dir liéu
dwogc phan thanh 10 1ép: air conditioner,
car horn, children playing, dog bark,
idling,  gunshot,

bdo s dung tip dir liéu

drilling, engine

jackhammer, police sirens, and street

music. Hau hét cac 16p c6 khoang 1.000
doan am thanh. Tuy nhién, hai 16p car
horn va gunshot c6 s8 lwong mau it hon
dang ké, 1an lwot 1a 429 va 374 doan. Do
dé, mot s6 thuidt toan hoc may co ban
dwoc dp dung trén tip dir liéu cho thiy do6
chinh xac thap hon déi véi hai 1ép nay.
Tép CSV cta bo dir liéu UrbanSound8K
bao gbm 8 cot: slice_file_name, fSID, start,
end, salience, fold, classID va class.

Bang 1. Minh hoa File Metadata

Num . slice fsID |start end Salie fold Class class
-ber | file_name -nce ID
o [100032:3-156035 | o |0317551| 1 | 5 | 3 dog bark
0-0.wav
100263-2- . :
1 0-117 wav 100263 | 58.5 62.5 1 5 2 children_playing
100263-2- : .
2 0-121.wav 100263 | 60.5 64.5 1 5 2 children_playing
100263-2- : .
3 0-126.wav 100263 | 63 67 1 5 2 children_playing
100263-2- : :
4 0-137 wav 100263 | 68.5 72.5 1 5 2 children_playing

3.1.2. Rut trich va két hop ddc trung
MFCC va Mel - Spectrogram

3.1.2.1 MFCC

Truyén mdt phd qua ngan hang bo loc
Mel, sau d6 tinh toan do lén logarit va ap
dung Bién d6i Cosine Roi rac (DCT), sé tao
ra Mel-Cepstrum. Qua trinh DCT giup

trich xudt cac thanh phan théng tin chinh
cua tin hiéu, trong d6 cac dinh phé biéu
thi nhitng néi dung quan trong nhit cua
am thanh. DCT c¢6 thé dwoc xem nhw mot
phép bién ddi nham chuyén d6i bién do
logarit cia dau ra ngin hang bo loc Mel
thanh cac hé so cepstral.

Mel Scale

Spectrum Filter Bank

Log

Magnitude

Discrete
Cosine
Transform

NERE

Hinh 2. Quy trinh rit trich dac trung MFCC
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Théng thwong, 13 hé s6 dau tién
dwogc trich xuit tir Mel-Cepstrum dwogc

goi la Mel-Frequency Cepstral

Coefficients (MFCCs). Cac hé sé nay chira
théng tin quan trong vé dic diém quang

MFCC

phé cta tin hiéu 4m thanh va thwong
dwoc st dung lam dau vao cho cic md
hinh hoc may trong cac bai toan nhan
dang va phan l&p am thanh.

Hinh 3. Hinh anh ddc trung MFCC

3.1.2.2 Mel-Spectrogram

Hinh 3 minh hoa Mel-
spectrogram, la su két hop giira thang Mel
va phd tin s6, trong d6 thang Mel biéu dién
phép bién doi phi tuyén cta thang tin so.
Trong treong hop nay, tin hiéu am thanh
trudc tién dwoc chia thanh cac khung nho,

mot

sau d6 ap dung ctra s6 Hamming lén tirng
khung. Tiép theo, Bién déi Fourier Roi rac
(DFT - Discrete Fourier Transform) dwoc
st dung dé chuyén tin hiéu tir mién thoi
gian sang mién tin s6. Cudi cung, phép toan
logarit dwgc 4p dung dé tao ra phé, ho tro
trong qua trinh tao Mel-spectrogram

MEL-Scaled Spectrogram

+0dB

-10dB

-20 dB

-30 dB

-40 dB

-50 dB

-60 db

-70 dB

Hinh 4. Hinh anh ddc trung Mel-Spectrogram

3.1.2.3 Két hop ddc trung

Do suw twong dong va tinh b6 sung
gitta Mel-Spectrogram va MFCC, viéc
hop nhit cic dic trung bé sung gidp cai
thién dang k€ hiéu suit nhin dang 4m
thanh. Cu thé, phwong phip két hop
gitta Mel Spectrogram - MFCC dwoc

thiét k€ nham khai thac t6i da thong tin
tir hai ddc trung nay.

Quy trinh xay dung dac trung MMS
dwoc thwe hién nhw sau: Dau tién, tin hiéu
am thanh goc dugc chuyén ddi thanh hé s6
Mel-Frequency Cepstral Coefficients (MFCC)
40 chiéu va Mel Spectrogram 40 chiéu. Sau
d6, d€ ddm bao tinh nhit quan vé do dai cta
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cac dic trung dau vao, ca hai dic trung trén
dwoc dém gia tri 0 d€ phu hop véi tin hiéu
amthanh c6 d6 dailém nhat trong tip dirliéu
(4 gidy, twong Gng v&i 174 chiéu).

Sau qua trinh tién xt ly, kich thwéc
dau ra cuia MFCC va Mel Spectrogram déu
la 40 x 174. Tiép theo, hai dic trung nay

dwoc ghép ndi theo chiéu ngang dé tao
thanh dac trung MMS véi kich thwéc 40 x
348. Viéc két hgp nay gitp duy tri tinh
toan ven cta cd hai dang biéu dién am
thanh, dong thoi ting cwong kha niang
phan biét cia mé hinh nhan dang trong
cac bai todn phan 16p am thanh.

Cembination Feature

B1932

4096

J048

1024

512

+100 dB

r+75 dB

+50 dB

425 dB

L +0dB

- -25 dB

T
o 0l 0.2 o3 04 os
Time

0.6 07 o8 09

Hinh 5. Hinh anh dac trung MMS

3.2. Kién triic mé hinh CNN-MMS

Kién tric mang CNN-MMS chia bén
16p tich chap va mot 16p két noi day du
nhu trong Hinh 6 cu thé nhw sau:

(1) Lép thir nhit st dung 32 hat nhan
(kernel) véi 3 x 3 truwong tiép nhin va
buwéc rong dwoc thiétlap la 2 x 2 va chuin
hoéa 16 (batch-normalization) dwoc thuwc
hién. Rectified Linear Unit (ReLU) dwoc
khai thac nhw 1a ham kich hoat.

(2) Lép thi hai dwgc dung giong nhw
nhitng thiét 1ap & 1&p tht nhit, trong do6
32 nhén tich chap véi treong ti€p nhan 3
x 3 va buéc rong 2 x 2. Chuén hoa 16 va
ham kich hoat ReLU dwoc thwce hién rat
tot. Sw khac biét la 16p thi hai 4p dung
gop (max-pooling) dé gidm chiéu cta dnh
xa dac trung.

(3) Lop thir ba str dung 64 nhan tich
chip v&i mot treong tiép nhan 3 x 3 va
buwéc rong cling la 2 x 2, trong d6 chuin
héa 16 dwoc st dung. Theo sau béi ham
kich hoat ReL.U.

(4) Lép thir tw 64 nhan tich chap véi
truong tiép nhan 3 x 3 va buéc rong 2 x 2.
Chuin héa 16 dwoc thwe hién va ham kich
hoat la ReLU.

(5) Lép thir ndam 12 16p két noi day da
véi 1024 don vi 4n va ham kich hoat 1a
Sigmoid. Cac 16p Dense dwoc thay thé
bing mot 16p GlobalAveragePooling dé
tinh to4n trung binh d4u ra cia mdi 4nh
xa ddc trung trong 16p trwedc do, lam giam
dang ké kich thuwéec.

(6) Pau ra la 10 don vi theo bd dir
liéu, theo sau b&i ham kich hoat softmax.
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Conv1 (32 filters,
3x3 size)

Conv2 (32 filters,
3x3 size)

Feature intput
(MFCC, Mel-
Spectrogram, MMS)

LeakyRelU (0.1)
BatchNormalization

LeakyReLU (0.1)

BatchNormalization d

SpatialDropout (0.07)  MaxPooling2D (2, 2)
SpatialDropout (0.07)

LeakyRelU (0.1)
BatchNormalization
SpatialDropout (0.14)

Conv3 (64 filter,
3x3 size)

GlobalAveragePooling2D

Conv4 (64 filters,
3x3 size)
~ | [-.Dense 10 units

;

Softmax output

Funconnection
LeakyReLU (0.1)
BatchNormalization

Hinh 6. Kién truc chi tiét md hinh CNNN

3.3. Thwc nghiém va Két qua

3.3.1. Thwc nghiém

3.3.1.1.Tién xt¢ Iy va tdch dir liéu

Tap ditr liéu UrbanSound8K c6 sw
khacbiét vé s§ lwong kénh, tdc do 14y mau
va d0 sau bit, do d6 can dwoc chuin hoa
dé dam bao tinh nhit quan. Ching t6i st
dung ham load() tir Librosa dé chuyén tat
ca tép Am thanh vé tdc do 1dy mau 22.05
kHz, chuin héa bién d6 tin hiéu trong
khodng [-1,1] va chuyén déi vé dinh dang
mono. Qua trinh nay gitp don gian héa
viéc xt ly va trich xudt didc trung ma
khéng lam mat théng tin quan trong. Bang
2 trinh bay chi tiét cac théng s6 tién xir 1y.

Bang 2. Cac thong s6 thudc tinh 4m
thanh

Original -| Librosa -
audio audio
Sample_rate | 44100 22050
Bit-Depth |-23628to| -0.50266445
27507 to
0.74983937
Channels 2 1

3.3.1.2. Ruttrich ddc trung

Chung toi xay dung cac phwong thirc
get_mel_spectrogram() va get mfcc() trong
l6p helper.py, St dung ham
melspectrogram() va mfcc() tir Librosa dé

trich xuit dac trung Mel-Spectrogram va
MFCC tir chudi dir litu Am thanh. Ham
mfcc() tao 40 MFCC trén 174 frame, v&i cac
frame ngan dwoc b6 sung bd dém bang 0 dé
dam bao do dai nhat quan. Cac dic trung
sau d6 dwgc lwu trir dwdi dang DataFrame
bang Pandas, thu dwgc 8.732 dic trung
MFCC. Quy trinh twong tw dwoc ap dung
cho Mel-Spectrogram, tao 8.732 dac trung.
Tiép theo, chiing t6i st dung np.vstack() tir
thw vién Numpy dé két hop MFCC va Mel-
Spectrogram, tao dic trung MMS. Cudi
cung, tip dac trung (X) va nhan (y) dwgc
chuyén do6i thanh mang Numpy va ma héa
bang thw vién sklearn. Bang 3 trinh bay chi
tiét két qua trich xuat dac trung.

Bang 3. Két qua rut trich dic trung

Pic trung| MFcc | MESPeC | vy
trogram
Tongsé | 8732 | 8732 | 8732

Ching t6i chia bd dir liéu
UrbanSound8K thanh tdp hudn luyén
(Train) va tip kiém tra (Test), trong d6 Test
chiém 20% va dwogc chon ngau nhién. Pong
thoi, 20% tap Train dwgc str dung lam tap
Validation dé danh gia mo hinh. Viéc phan
tach dir litu dwoc thwc hién bing ham
train_test _split() tir sklearn. Bang 4 trinh
bay s6 lwong miu cla tirng tap.
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Bang 4. S8 lwong mau trén tap dir liéu

Dataset | Train | Validate Test

8732 | 6986 1397
3.3.1.3. Hudn luyén mé hinh

1746

Chung t6i xay dwng mo6 hinh CNN don
gian bang Keras/TensorFlow va SciKit-
Learn trén Python, gom bon 16p Conv2D
va mot 16p Dense diu ra.

e Conv2D: B0 loc 2x2, s6 kénh (16,
32, 64, 128), ham kich hoat ReLU.

e Dau vao: (40, 174, 1) véi 40 dic
trung (MFCC, Mel-Spectrogram, MMS),
174 frame, va 1 kénh mono.

¢ Pooling:

o MaxPooling2D gidp giam chiéu
dir liéu, tranh overfitting.

o GlobalAveragePooling2D trich xuit
thong tin quan trong trwéc 16p dau ra.

e Dense dau ra: 10 nut, dung
Softmax dé dy doan xac suat 1op.

Chi tiét tham s6 mé hinh dwoc trinh
bay trong Bang 5.

Bang 5. Tham s6 mé hinh CNN

Filter Batch Spatial | Max Soft-
Layers Filters size 12 ReLU | Normaliz | Dropou- | pooli- max
ation t2D ng2D
Conv1l 32 3x3 |0.0005| 0.1 X 0.07
Conv2 32 3x3 |0.0005| 0.1 X 0.07 2x2
Conv3 64 3x3 | 0.0005| 0.1 X 0.14
Conv4 64 3x3 |0.0005| 0.1 X
GlobalAverage
Pooling2D
Softmax output X

Ching t6i thiét 14p optimizer va ham
mat mat dé bién dich mé hinh. Trong do,
phwong thirc ADAM dwoc st dung véi cac
tham s6 méc dinh do kha nang t6i wu hoa
hiéu qua trong qua trinh huin luyén. Trong
qua trinh huan luyén, mét phén tip train
dwoc str dung lam tap validation. Ca ba mo6
hinh CNN dwgc hudn luyén véi 360 epochs,
batch size 1a 128, trén cung mot ciu hinh
phdn cirng: Dell Workstation Precision

(2.80GHz), RAM 12GB, GPU NVIDIA Quadro
K1100M, 6 ctrng SSD 500GB.

3.3.2. Két qud va thdo ludn

Bai bao danh gia hiéu suit ctia cic méb
hinh CNN duwa trén gia tri LOSS thap nhat
trong qua trinh huan luyén va ACCURACY
trén tip kiém tra (Test). Két qua dwoc
trinh bay trong Bang 6.

Bang 6. Két qua danh gia 3 mo hinh
CNN

M4800, CPU Intel Core i7-4810MQ
Dataset Train Test
Model CNN- CNN- CNN- CNN- CNN- CNN-
MFCC | Mel Spec | MMS MFCC Mel Spec MMS
LOSS 0.5764 | 0.2951 0.2832 0.6339 0.3221 0.3473
ACCURACY 84% 93% 94% 81.71% 91.26% 90.62%
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Két qua cho thidy CNN véi Mel
Spectrogram dat 91.26% do chinh xac
trén tap kiém tra, cao hon 9.55% so véi
CNN-MFCC va 0.64% so v&éi CNN-MMS.
biéu nay chirng t6 Mel Spectrogram la
ddc trung hiéu qua hon trong phan lép
am thanh mo6i tredng. Bén canh do6, CNN-
MMS ciing dat hiéu suit cao, m& ra

hwéng nghién clru tiém nang vé két hop
ddc trung.

Qué trinh huin luyén cta ca ba mo
hinh dién ra 6n dinh, nho st dung batch
size 16m va dropout, gitip giam overfitting
va gitr 16i kiém thir & mitc thip. Do thi
huén luyén va kiém thtr dwoc minh hoa
trong Hinh 7, Hinh 8 va Hinh 9.

Model loss
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Hinh 7. D6 thi huan luyén va kiém thr mé hinh CNN v&i MFCC
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Hinh 8. D6 thi huin luyén va kiém thir mé hinh CNN v&i Mel Spectrogram
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von chwa dwoc st dung trong qua trinh
huén luyén. Két qua dwoc thé hién qua cac
ma tran nham lan trong Hinh 10.

Chung t6i danh gia hiéu suit cua ba
mo hinh CNN dya trén kha nang phan lop
caclép Am thanh trén tip kiém tra (Test),

Model loss

g

RN RS RS B S SRR AR SR AL S RNS ERRA RN LR RARARE RRRRRRR RERRASRRA

Model accuracy
““‘:i%(?ﬂgﬂﬂ::?ﬁiiﬁﬁﬁﬂs;é
Epoch
Hinh 9. D6 thi huin luyén va kiém thr m6 hinh CNN v&i MMS

Phan tich ma trdn nham lan cho thdy e "Children Playing" va "Dog Bark"

do6i khi bi nham 1an do mdt s6 mau cla

mot s6 16p c6 dic diém am thanh twong
"Children Playing" chira am thanh cho sta.

dodng, gy ra nham lan khi phan 16p. Cu thé:
e "Street Music" va "Children e "Drilling" va "Jackhammer" co

Playing" c6 nén 4m thanhtwongtwnhwtiéng  tin s6 va bién dé twong tw nhau, gy kho

nguwoi néi va am thanh moi tredng do thi. khan cho mo6 hinh trong viéc phan biét.

a b‘ S——
C

Hinh 10: (a) Ma trin nhiam lan ciia mé hinh CNN - MFCC, (b) Ma trAn nham lan cta
mo hinh CNN - Mel Spectrogram, (c) Ma tran nham lan ctia moé hinh CNN - MMS

Bang 7, Bang 8 va Bang 9 trinh bay d6 chinh xac cda tirng 1&p 4m thanh doi véi ba

moO hinh CNN.
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Bang 7. b6 chinh xac phan lép cia

mo hinh CNN véi MFCC
ID CLASS ACCURACY
6 Gun Shot 96.00%
1 Car Horn 94.54%
8 Siren 93.38%
0 | Air Conditioner 92.38%
7 Jackha m mer 87.40%
5 Engine Idling 81.52%
3 Dog bark 80.41%
4 Drilling 79.72%
9 Street Music 78.57%
2 | Children Playing | 69.82%

Bang 8. b6 chinh xac phan 16p cua
mo hinh CNN véi Mel Spectrogram

Két qua phan 1ép theo tirng 16p cho
thiy sw khac biét dang ké vé hiéu suit
gitra cAc mé hinh. Cu thé&, CNN-MFCC dat
96% do chinh xac d6i v&i 1op "Gun Shot”,
nhung chi dat 69.82% v&i 1¢p "Children
Trong khi d6, CNN-Mel
Spectrogram cai thién hiéu suldt véi
97.61% cho "Gun Shot" va 83.80% cho
"Children Playing". Pang cha y, CNN-MMS
dat 100% do chinh xac ddi véi "Gun Shot”
va cai thién dang ké do chinh xac trén hau
hét cac 16p. Nhitng két qua nay khang
dinh rang CNN-Mel Spectrogram va CNN-
MMS hoat dong vwot tréi hon CNN-MFCC,

Playing".

D CLASS ACCU RACY d?c biét dc:):i véi cac l’('?p c6 dir liéu mit can
bang nhw "Gun Shot".
6 Gun Shot 97.61% b
Bang 10, Bang 11 va Bang 12 tri
4 Drilling 95.21% _ Bang 10, Bang 11 va Bang 12 trin
. i = 199 bay Precision, Recall va F1-score ctuia ba
0 ir Conditioner | 95.19% moé hinh. Két qua cho thiy CNN-Mel
7 Jackhammer 94.03% Spectrogram va CNN-MMS c6 hiéu suit
8 Siren 92.70% vuot troi hon CNN-MFCC.
5 Engine Idling 91.39% Bang 10. Diém Precision, Recall va
1 Car Horn 90.36% F1 scores cia m6 hinh CNN-MFCC
3 Dog bark 87.09% Preci- F1- | Sup-
9 Street Music 85.86% Class sion Recall score | port
2 | Children Playing | 83.80% Air 078 | 092 | 085 | 105
. . - . Conditioner ' ' '
Bang 9. b6 chinh xac phan l6p cua
o Car Horn 0.73 0.95 | 0.83 55
mo hinh CNN-MMS Child
liaren
ID CLASS  |ACCURACY Playing | 0% | 07 | 0721116
6 Gun Shot 100.00% Dog bark 0.82 0.8 0.81 | 143
0 | Air Conditioner | 98.23% Drilling 089 | 0.8 | 0.84 | 148
7 Jackhammer 97.22% Engine Idling | 0.83 | 0.82 | 0.82 | 92
8 Siren 94.96% GunShot | 094 | 096 | 095 | 47
5 | Engineldling | 91.66% Jackhammer | 0.97 | 0.87 | 0.92 | 127
1 Car Horn 90.24% Siren 093 | 093 | 093 | 136
1 0,
Z Strge_tul\_’[“s‘c ::':Z 0/0 StreetMusic | 077 | 079 | 0.78 | 140
nms 34% accuracy - - 0.84 | 1109
3 Dog bark 82.35% 084 | 085 | 082 | 1109
2 | Children Playing | 81.25% meto ave ' ' :

weightedavg | 0.84 | 0.84 | 0.84 | 1109
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Bang 11. Diém Presicion, Recall va
F1 scores cia moO hinh CNN-Mel

Spectrogram

Gun Shot | 0.87 | 1.00 | 0.93 55

Jackhammer| 0.95 | 0.97 | 0.96 108

Siren 0.96 | 0.95 | 0.96 159

Preci- Recall F1-

Class .
sion score

Support

Street Music| 0.86 | 0.88 | 0.87 138

Air

e 0.87 | 095 | 091 208
conditioner

Car Horn 0.90 | 0.90 | 0.90 83

accuracy - - 091 | 1109
macroavg | 0.90 | 0.91 | 091 | 1109
weighted avg| 0.91 | 091 | 091 | 1109

Children

: 0.88 | 0.84 | 0.86 210
Playing

Dogbark | 0.88 | 0.87 | 0.87 186

Drilling 093 | 095 | 0.94 188

Engine Idling| 0.97 | 0.91 | 0.94 186

Gun Shot | 0.92 | 0.98 | 0.95 84

Jackhammer| 0.96 | 0.94 | 0.95 218

siren 0.98 | 0.93 | 0.95 192

Street Music| 0.84 | 0.86 | 0.85 191

Bang 13 trinh bay so sanh d6 chinh
xac cia moO hinh CNN-MMS véi cac
phwong phap trudc d6. Két qua cho thay
CNN-MMS dat do chinh xac cao nhit
(91%), vuot troi so véi cac phwong phap
trwdc diy. Piéu nay khiang dinh hiéu qua
cda viéc két hgp dic trung MFCC va Mel
Spectrogram trong mo hinh CNN.

Bang 13. Két qua so sanh dd chinh

accuracy - - 091 | 1746 xac phan 16p

mac.coavg | 091 | 091 | 0.91 | 1746
weighted avg| 0.91 | 0.91 | 0.91 | 1746 Model Features Accuracy

Két qua danh gid Fl-score cho thiy Piczak LM 71.7%
CNN-MMS dat Fl-score 0.91, phan anh CRNN | RawWaveforms 78.3%
kha nang phan l&p 6n dinh trén tit ca cac TDSN Mel Spec 77%
16p. Twong tw, CNN-Mel Spectrogram Mels +
cling dat F1-score 0.91, chirng minh hiéu VGG Net 83.7%
: 7L : Gammatone Spec
sudt twong dwong véi CNN-MMS. Trong CNN MMS 919%
khi d6, CNN-MFCC c6 F1-score thap hon A
Két luan

(0.84), cho thdy mé hinh ndy kém chinh
xac hon khi xt ly cac lép c6 dac trung
phtrc tap.

Bang 12. Diém Precision, Recall va
F1 scores cia m6 hinh CNN-MMS

Class Pr_ec1- recall fl- support
sion score
Air
Conditioner 0.90 | 0.98 | 0.94 113

CarHorn | 0.93 | 0.90 | 0.91 41
Children
Playing
Dogbark | 0.88 | 0.82 | 0.85 136
Drilling 0.99 | 0.88 | 0.93 163
Engine
Idiling

0.83 | 0.81 | 0.82 112

0.86 | 0.92 | 0.89 84

Nghién ctru nay da tdp trung vao bai
toan phan 1&6p Am thanh mdi tredmg bang
cach tng dung mé hinh hoc siu, cu thé la
mang no-ron tich chdp (CNN). Chung to6i
da xay dwng kién tric CNN va tién hanh
hudn luyén trén tip dir liéu
UrbanSound8K, bao gom 10 loai 4m
thanh mo6i tredng thworng gap trong do thi
nhw: Air Conditioner, Car Horn, Children
Playing, Dog bark, Drilling, Engine Idling,
Gun Shot, Jackhammer, Siren, Street Music.
Dit liéu dau vao dwgc xtr ly thanh ba dang

diac trung am thanh: MFCC, Mel
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Spectrogram va dac trung két hop MMS
dé danh gid m&c d6 dnh hwdng cia tirng
phwong phép trich xuit dic trung dén
hiéu suit cia mo hinh.

K&t qua thwc nghiém cho thiy rang ca
ba md hinh CNN s dung cac ddc trung
MFCC, Mel Spectrogram va MMS déu dat
hiéu sudt cao trong bai todn phan 16p 4m
thanh méi trwdong. Trong d6, md hinh
CNN st dung dac trung Mel Spectrogram
dat d6 chinh xac 91%, cao hon 7% so v&i

mo hinh CNN-MFCC. Pong thoi, m6 hinh
CNN-MMS dwoc dé xuit cling dat do chinh
xac 91%, chitrng minh tinh hiéu qua cta
phwong phap két hop dic trung trong
viéc tdng cwong hiéu sudt nhian dang.
Nhirng két qua nay khong chi khang dinh
wu thé cia mo6 hinh CNN trong bai toan
phan 1&p am thanh méi tredng ma con
m¢& ra hwéng nghién ctiru méi trong viéc
két hop nhiéu dic trung dé téi wu hoa
hiéu suit nhin dang 4m thanh.
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