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Trong bai bdo nay, chung toi dé& xuat mot hé théng phat hién bat thwong am thanh phi
giam sat dwa trén cac md hinh hoc sau va hoc may truyén théng, bao gdm LSTM
Autoencoder, GRU Autoencoder va One-Class SVM. D@ liéu dau vao la log-Mel
spectrogram dwoc chudn héa tlr cac mau am thanh méi truong d6 thi. Hé théng khong
yéu cau nhan va s dung 16i tai tao lam tiéu chi chinh dé phat hién bat thwdng. Két qua
thwc nghiém cho thdy LSTM Autoencoder dat hiéu suét cao nhat véi MAE = 0.0172,
RMSE = 0.0334 va MAPE = 2.84%, vwot trdi so v&i GRU va OCSVM. Biéu dd t-SNE xac
nhan rang cac mau bat thuwong dwoc anh xa tach biét rd rét trong khéng gian dac trung.
Bén canh d6, hé théng cé tiém nang cao dé trién khai trén cac thiét bj bién (edge) hodc
trong hé théng loT nham giam sat &m thanh th&i gian thwe ma khéng can giam sat.

Phat hién bat thwong, Autoencoder, LSTM, GRU, OCSVM, log-Mel spectrogram, am
thanh, hoc khéng giam sat, loT.

This paper proposes an unsupervised acoustic anomaly detection system utilizing both
deep learning and conventional machine learning models, including LSTM Autoencoder,
GRU Autoencoder, and One-Class SVM. The input data consist of normalized log-Mel
spectrograms derived from diverse urban environmental sounds. The system does not
require labeled data and relies on reconstruction errors to detect anomalies. Experimental
results demonstrate that the LSTM Autoencoder outperforms other models with MAE =
0.0172, RMSE = 0.0334, and MAPE = 2.84%. A 3D t-SNE visualization confirms that the
anomalous samples are distinctly separated in the learned feature space. Moreover, the
system holds strong potential for deployment in edge devices or loT-based real-time
acoustic monitoring applications without supervision.

Anomaly detection, Autoencoder, LSTM, GRU, OCSVM, log-Mel spectrogram, audio,
unsupervised learning, loT.

1. GIO1 THIEU

V6i su phét trién nhanh chéng cia thanh phd
thong minh, nha thong minh va giam sat cong
nghiép, nhu cau phat hién bat thuong trong
mai truong 4m thanh ngdy cang cap thiét. Cac
tinh huéng nhu la hét, ddp pha, coi bao chay
hay va cham manh c6 thé 13 dau hiéu canh bao
toi pham, tai nan, chdy nd hodc su cb thiét bi.

Tuy nhién, vi¢c gan nhan dir li¢u cho hé théng
phat hién bat thuong vira ton kém, vira mat
thoi gian va dé thiéu sot. Pac biét, cac tinh
hudng bt thuong hiém khi xay ra, dan dén dir
liéu mat can bang, 1am giam hiéu qua cua céac
mo hinh hoc cé giam sat [1], [2]. Do d6, hoc
khong gidm séat va hoc ban gidm sat trd thanh
hudng tiép can tiém nang, trong d6 mo hinh
hoc dac trung cua hanh vi binh thuong va coi
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sai 1éch trong tai tao hodc phan phdi la dau
hiéu bat thuong [3].

Cic nghién ctu gan day cho thiy
Autoencoder, dac biét 1a LSTM Autoencoder
va GRU Autoencoder, dat hi¢u qua cao véi
chudi tin hiéu nhu cam bién, video va am
thanh [4], [5]. Cac mang nay c6 kha nang hoc
biéu dién an tir dit liéu chudi va phat hién bat
thuong thong qua sai s tai tao cao. Bén canh
d6, One-Class SVM (OCSVM) van 1a phuong
phap kinh dién hiéu qua dé xac dinh ranh gidi
dir 1iéu binh thuong trong khong gian vector
hoa.

Gan day, nhiéu cong trinh tap trung khai thac
mo hinh hoc sau khong giam sat cho bai toan
nay. Nhom Marchi va cdng su la nhitng ngudi
tién phong ap dung LSTM Autoencoder cho
dir 1iéu am thanh cong nghi¢p, chung minh
kha ning hoc mau 4m thanh binh thuong va
phat hién bat thudng qua 15i tai tao [16]. Tai
DCASE Challenge, Koizumi va cdng su trién
khai pipeline phat hién bat thudong véi CNN
va AE két hop hau xu 1y, song phan 16n hé
thong van can nhan bat thuong rd rang hodc
thiét ké chuyén biét cho ting thiét bi [10].
Gemmeke [11] va Salamon [12] da xay dung
cic bo dit litu nén nhu ESC-50 va
UrbanSound8K, hd tro nhan dang dm thanh
do6 thi, nhung it dugc khai thac trong bdi canh
phat hién bat thuong khong gidm sat. Nghién
ctru [13] con két hop OCSVM véi hoc sau dé
tan dung biéu dién phi tuyén va phan tach
tuyén tinh.

B6 cuc bai bao gdm phan 1 gi6i thiéu chung,
phan 2 trinh bay chi tiét vé phuong phép xir 1y
log-Mel, kién tric mang va phuong phap phat
hién bat thuong, phﬁn 3 mo ta thi nghiém,
danh gia dinh lugng, tryc quan hoa két qua va
phan 4 13 két luan van d& nghién ctru.

2. PHUONG PHAP PE XUAT

Chung t6i d& xudt phuong phap phat hién bat
thuong 4m thanh lai, két hop ba mé hinh doc
lap nhung bd sung cho nhau: LSTM
Autoencoder, GRU Autoencoder va One-
Class SVM (OCSVM). Céch tiép can nay sir
dung cac md hinh hoc sau tuan tu dé hoc dic
trung am thanh theo thoi gian va mot mé hinh
hoc may cb dién dé phan ving dir liéu trong
khong gian déc trung.

2.1. Kién trac hé théng

Pau vao cua hé théng la cac doan am thanh
(clip .wav) duoc chuyén d6i sang log-Mel
spectrogram, mot dang dic trung phd bién
trong cic bai toan nhan dang 4m thanh [1],
[9]. Dac trung nay mo6 phdng cach con nguoi
cam nhan am thanh qua thang Mel giup giam
nhiéu va tang tinh phan biét giita cac loai am
thanh.

He¢ théng phat hién bat thuong am thanh dugc
dé xuat gdm 4 giai doan chinh.

Am Tidn xi 1y Trich dic
thanh (resample. trirng
(wav) normalize) |_| (MelSpec

-wav) / MFCC)

sipia 1 M35 hinh hoe
Philtn};g?;lgbat sau LSTM

(LSTM/GRU/OCSV AAE / GRU

utoencoder

Hinh 1. So’ d6 tdng quan cla hé théng

2.2. Biéu dién dau vao: Log-Mel
Spectrogram

D@t li€u thu thap tor IDMT-Traffic[14], mot
dataset dung trong nghién clru giam sat giao
thong bang 4m thanh (ATM - Acoustic Traffic
Monitoring).

Muc tiéu 1a tao diéu kién phat trién cac thuat
todn nhdn dang am thanh cho céc thiét bi
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nhiing ¢6 giéi han vé chét luong mic va ning
luc tinh toan. Pic diém cua dataset: Gom 2.5
gid am thanh stereo ghi lai 4718 su kién xe di
qua. DTt li¢u dugc thu tr cd micro cao cép
(sE8) va micro MEMS chit luong thip hon.
Ghi am tai 4 dia diém v6i cac diéu kién van
téc va moi truong khac nhau (dudng kho/uét,
30/50/70 km/h). Gom 4 16p phuong tién: car,
truck, motorcycle, bus. D&t liéu am thanh dau
vao duogc xu ly thanh log-Mel spectrogram
v6i cac tham sd:

Bang 1. Di¥ liéu tham chiéu

Théng sb Gia tri
Tan s6 mau (sample rate) Hz 22050
FFT window size 2048
Hop length 512
S6 bang tan Mel 128
Thot lugng chuin hoa mdi doan 3
(giay)
S6 khung thoi gian (Time frames) 256

Spectrogram dugc chuyén d6i qua thang
logarit dé giam anh huong bién do:

S (t, ) =log £1+MJ (1)

&

Véi X(t,f) 1a pho tai thoi diém t, tan sb f, va
c=le—6.
Tat ca cac spectrogram déu dugc resize vé

kich thudc [256 x 128] (Time x Frequency)
va duoc luu trong bién cell X{i}.

2.3. Xay dwng mé hinh

Mo hinh Autoencoder 1a md hinh hoc khong
giam sat vo1 muc tiéu nén dir li¢u dau vao va
tai tao lai dau ra sao cho gan giéng nhat voi
dau vao ban dau [7]. Trong d6, LSTM (Long
Short-Term Memory) 1a mot kién tric mang

noron hoi tiép (RNN) c6 kha niang ghi nhé dai
han, gitp xur 1y dir liéu chudi 4m thanh c6 tinh
phu thudce thoi gian [1], [3].

Sequence Input Layer
128

l

LSTM Encoder
numHidden=64

|

LSTM Decoder
128

|

Regression Layer

Hinh 2. C4u tric LSTM Autoencoder

Dit liéu bat thudng thuong c6 sai sd tai tao 16n
do khac biét véi phan phdi dir liéu binh
thuong da hoc dugc [6]. M6 hinh LSTM
Autoencoder gom 2 tang chinh: Encoder: nén
diy log-Mel thanh biéu dién rat gon (latent
vector) voi 64 chiéu va Decoder: ti tao lai
day log-Mel tir biéu dién da ma hoa. Ham 15i:
Mean Squared Error (MSE).

1,...1f errori> @
Anomaly, = . (2)
0,...If errori< @
Ngudng phat hién bat thuong, st dung
ngudng thong ké 2o:
0 = ﬂel’l’ol‘ + 2UEI‘I'OI‘ (3)

Mo hinh GRU (Gated Recurrent Unit) 1a mot
bién thé don gian hon cta LSTM, kién trac
GRU Autoencoder tuwong tu LSTM
Autoencoder, chi thay 16p IstmLayer bang
gruLayer. GRU 14 bién thé don gian hon cua
LSTM véi it tham s6 hon, phul hop cho thiét
bi tai nguyén thap hodc thoi gian huan luyén
nhanh hon.

Co ché hoc va phét hién bat thuong hoan toan
twong tu nhu LSTM-AE, GRU chi dung hai
cong chinh (update gate va reset gate), gilp
giam do phtrc tap tinh toan [4].
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Sequence Input Layer
128

l

GRU Encoder
numHidden=64

l

GRU Decoder
128

!

Regression Layer

Hinh 3. Cau tric GRU Autoencoder

M6 hinh OCSVM la mét phuong phap hoc
khong giam sét truyén thong duogc thiét ké dé
nhan dién cic diém dir liu nam ngoai bién
phan phdi da hoc [2]. M6 hinh OCSVM st
dung kernel RBF d¢é anh xa di liéu vao khong
gian dac trung cao chiéu, sau d6 tim mot siéu
mat phfmg tach biét gitra tap dir liéu hoc va
cac diém ngoai lai [2], [6].

Raw audio (.wav)

[ Preprocessing — log-Mel spectrogram]

I

[Normalization & Resize — 256 x 128]

]

[ Flatten / Vectorize features ]

Train OCSVM

Prediction
Normal  Anomalous

Hinh 4. Cau trac OCSVM

2.4. Téng hop bat thwong tir nhiéu mé
hinh

Sau khi huan luyén, mdi mé hinh s& danh gia
mirc do bat thuong cua cac mau kiém tra
thong qua cac tiéu chi khac nhau:

= Autoencoder: tinh sai sb tai tao trung binh
(MSE), phat hién bat thuong néu sai sd vuot
qua ngudng.

= OCSVM: nhan dau ra la +1 cho binh
thuong, -1 cho bat thuong,

Két qua dugc tong hop dua trén sé mo hinh
phat hién bat thuong & mdi mau. Néu mot

mau dugc >1 mo hinh phat hién, n6 dugc gan
nhan bat thuong. Cach tiép can nay khai thac
su dong thuan giita nhiéu mé hinh thay vi phu
thugc vao mot moé hinh don 1¢, tir d6 nang cao
d6 chinh xé4c. Viéc xac dinh bt thuong duoc
do bang s6 mo hinh phat hién tring nhau bang
viéc danh gia céc chi s6 MAE, RMSE,
MAPE, dong thoi truc quan hoa qua biéu dd
duong, scatter va 3D t-SNE. Néu dir lidu ¢o6
nhin, confusion matrix dugc 4p dung dé do
luong do chinh xac, d§ nhay va d§ dac hi¢u
cua tung mo hinh.

3. THU'C NGHIEM VA BANH GIA

3.1. Thyc nghiém

Dt li¢u IDMT-Traffic [14] ma chung t6i thu
thap bao gém 2.5 gio 4m thanh stereo ghi lai
4718 su kién xe di qua va dé cap dén cac chu
dé vé viéc st dung mo hinh dugc huén luyén
va phat trién kién trac riéng ctia chiing toi.

3.2. Danh gia 16i tai tao (LSTM/GRU
Autoencoder)

Muc tiéu cua Autoencoder 1a hoc tai tao dau
vao. Miu bt thuong dugc phat hién thong
qua d6 léch giira ddu vao va dau ra.

Céc chi sb danh gia:
= MAE (Mean Absolute Error):
- Nhay véi sai léch tuyén tinh;

- D& hiéu: do d6 léch trung binh theo gia tri
tuyét doi

MAE= 3 [xi— (4)
i=1
= RMSE (Root Mean Squared Error):
- Nhay véi gia tri bat thuong 16n;
- Phat 16i 16n hon (do lily thira 2);
RMSE = ()
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* MAPE (Mean Absolute Percentage Error):
- Hitu ich khi cac dic trung ddu vao khong
déng nhét vé do 16n;
- Giup so sanh gitta cadc doan c6 nang lugng
khéac nhau

1&(X —Xi

MAPE=—
n ,Z:;‘ X +&

100% (6)

voi  (6=1e7)

Bang 2. Két qua thwc nghiém

M6 hinh | RMSE | MAE | MAPE (%)
LSTM-AE | 0.0334 | 0.0172 2.84
GRU-AE | 0.0351 | 0.0180 3.01

» LSTM Autoencoder c6 hiéu suét tdt hon
mot cach nhat quan v6i MAE va RMSE déu
thip hon GRU.
* Chénh léch MAE = 0.0008 va RMSE =
0.0017 tuy nho nhung 6n dinh va théng ké c6
¥ nghia sau nhiéu lan chay (+£1le-3).
= MAPE cta LSTM thap hon ~0.17% cho
thdy no tai tao dit liéu co bién do thap t6t hon,
diéu ndy quan trong trong phat hién tiéng
dong nhe (low amplitude anomalies).
» GRU nhanh hon ~22% trong huin luyén,
nhung d6i lai danh mat do chinh xac mot
phan.
Thiét 1ap ngudng bét thuong dya trén thong
keé 10i:
0 =ut+2c (7)
Gia tri 16i vuot ngudng — mau duoc danh
dau 1a bat thuong.

Bang 3. Ty Ié phat hién bat thwong

M hinh | S6 mAu bit thuong | TY 18 (%)
LSTM-AE 83 19.2%
GRU-AE 77 17.8%
OCSVM 89 20.6%
Trung ca 3 54 12.5%

= Cac md hinh déu xac dinh ~18-20% mau
1a bét thuong, cho thdy muc dong thuan hop
ly.

= LSTM phat hién it hon OCSVM, diéu nay
thé hién kha ning hoc khai quat manh, tranh
bao dong gia.

= GRU c6 xu huéng phat hién bit thuong it
hon LSTM (~6 mau), phu hop voi dic tinh
"hoc nhanh nhung it sau".

Training RMSE Curve

—— Train RMSE
40 4 —— Val RMSE

8 =]

RMSE (krn/h)

N
&

|

N

0.0 25 5.0 7.5 10.0 12.5 15.0 1rs5
Epoch

N
=3

Hinh 5. Biéu dd loss trong qua trinh huan luyén

* Ty I¢ trung cd 3 m6 hinh 1a 12.5%: day la
nhém mau c6 do chic chan cao, co thé dung
lam co s¢ nhan ngugc (pseudo-label).

Boxplot 18i tuyét adi

0.025

0.02

L&i tuyat ddi
Hl;
il

o
=]
I
]

0.01

Hinh 6. Ty Ié phat hién bat thwong
3.3. Ma tran 16i va biéu do 16i

Ma tran 15i: khi kiém tra noi bd voi tap dir
liéu c6 gan nhan an (1 = bat thuong, 0 = binh
thuong). LSTM dat d6 chinh xac phat hién bt
thuong cao nhét (F1 = 0.81) v6i OCSVM c¢o
ty 1& FP cao nhét, cho thdy mo hinh d& phat
hién nhidu, GRU can bang giita precision va
recall, nhung d¢ chinh xac thép hon LSTM.
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Biéu d6 13i theo chi s6 mau 1a cong cu truc
quan quan trong dé danh gia hiéu qua mé hinh
phat hién bét thuong bang viéc quan sat phan
b6 15i toan tap dir liéu va xac dinh ngudng bat
thuong mot cach dinh Iuong. Khi thé hién 13i
ctia nhiéu mo hinh (nhu LSTM Autoencoder,
GRU Autoencoder, One-Class SVM) trén
ciing mot biéu d6 co thé danh gia do nhay va
mirc d6 dong thuan va phat hién bét thudng.

LSTM-AE

Positive Hegative
Predicted

g

Positive

Actual
2z

5

Megative

5

0

Hinh 7. Phat hién 16i bat thwéng cac mé hinh
Biéu db 16i phan dnh hanh vi cia mé hinh trén
ting mau véi cac diém bat thuong dugc hién
thi bang dau “o” d& dang nhan dién (Hinh 8).

Mean Absolute Error (MAE) with Anomalies
T T

00 =00 000

o w0 2m

300
Sequence Index
Root Mean Square Error (RMSE)

oz 4
PERLIS 4
gni- 4

s 2|

L L
o 100 20 300 a0 Ery 600
Sequancs Indarx.
Maan ABsciute Parcantage ENor (MAPE]
T T

00 20 ) 00 a00

mgm\u
Hinh 8. Biéu d6 16i theo chi s6 mau cac md hinh
3.4. Trwc quan héa bang t-SNE 3D

DPé danh gia truc quan kha nang phéan tach
gitta mau binh thudng va bit thudng trong
khong gian ddc trung, nghién cuou st dung
t-SNE (t-Distributed Stochastic Neighbor
Embedding) dé 4anh xa dir liéu da chiéu vé
khong gian 3D.

Trong hé théng, mdi miu am thanh duoc
chuyén thanh log-Mel spectrogram, lam
phéng thanh vector dic trung voi hang nghin
chiéu. Khong gian nay gidu thong tin nhung
kho phan tich truc tiép, nén t-SNE duoc dung
dé giam chiéu phi tuyén, giit lai cdu trac lan
can cuc bd cua dir liéu.

Sau khi 4nh xa, mdi mau 12 mot diém trong
khong gian 3D; mau sic hodc nhin dung dé
phan biét bit thuong (anomaly) va binh
thuong (normal). Néu mé hinh hiéu qua, cac
diém bAt thuong sé€ tach thanh cum riéng hoac
nam xa cum chinh, thé hién rd trén biéu dd
t-SNE 3D.

T-SNE 3D - Loghel Features

Dim3

béd & & A o N » a
.
.

S —— e - nh tharomg
4 T - ® Bt thuimng (OCSVM)

L] -
Dim 1 8 4 Dim 2

Hinh 9. Biéu do t-SNE 3D

Biéu d0 t-SNE 3D trong nghién ciru cho thiy
cac diém dugc phat hién 1a bat thuong bai
OCSVM c¢6 xu huéng nim ngoai cum chinh
cia dit liéu, xac nhan tinh ding dan cia
phuong phap. Mot s6 diém nam rai rac, xa
tam cum, thé hién sy khac biét 16n vé dic
trung.

4. KET LUAN

Bai bao di dé xuit va danh gid mot hé théng
phat hién bat thuong am thanh phi giam sét str
dung cac mé hinh hoc sau bao gom LSTM
Autoencoder, GRU Autoencoder va phuong
phap hoc may ¢ dién One-Class SVM. Dir
liéu am thanh duoc chudn héa thong qua log-
Mel spectrogram nham giit lai ddc trung phd
tan quan trong, dong thoi giam thiéu d nhidu
trong tin hiéu &m thanh thyc té.
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LSTM Autoencoder cho thiy hiéu qua cao
nhét véi cac chi s6 MAE = 0.0172, RMSE =
0.0334 va MAPE = 2.84%, vuot tri so voi
GRU va OCSVM. Ty 1¢& phat hién bat thuong
cua cd 3 mo hinh dao dong quanh 18-21%,
cho thay hé thdng phan anh hop 1y sy da dang
dir liéu. Ty 1¢ trung khép bat thuong giira ca 3

md hinh 13 12.5%, goi ¥ chién lugc dong
thuan 1a kha thi trong bai toan khong giam sat.
Truc quan hoéa t-SNE cho thiy phan bd cac
diém bt thuong tach biét rd rang trong khong
gian dic trung, cing cd tinh hiéu qua cua
pipeline trich dac trung va tai tao.
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