TAP CHi KHOA HOC VA CONG NGHE - SO 33 - TRUONG BAI HOC PHAM VAN BONG
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Chdn dodn 161 méy cdng nghiép 1a mgt bai todn quan trong dé dam bao hiéu suat
cho toan hé thong san xudt, song cdc phwong phdp truyén thang dia trén cam bién vat ly
thwong thiéu linh hoat va khé mé réng. Bai bdo nay d@é xudt mét hurémg tiép can méi dya
trén phan tich tin hiéu am thanh, siz dung mé hinh WavLM duwoc huan luyén truéc dé
trich dic trung bdc cao tryc tiép tir Am thanh thd. Kiém chiing trén bé di liéu MIMII cho
thdy kién triic dé xudt c6 hiéu néing tét so véi phwong phdp diing mé hinh DAE géc, dac
biét trong méi trwong nhiéu cao. Nghién ciru da khang dinh tiém ndng to Ién cua viéc
1#ng dung cac md hinh &m thanh duiroc hudn luyén trieéc cho bai toan chan dodn 161 may
trong méi trirong cong nghiép, dong thoi goi mé cdc huéng cdi tién trong twong lai nhuw

si dung kién tric lai va chién lioc tinh chinh mé hinh theo mién i#ng dung.

Tir khoa: B¢ dir ligu MIMII, chdn dodn 161 may cong nghiép, mé hinh dwoc huan
luyén trueéc, phan tich tin hiéu, mé hinh dwoc hudan luyén truéc, WavLM, Transfer
Learning.

1. Giéi thigu

Trong cac moi truong cdng nghiép hién dai, do tin cay va hoat dong lién tuc cua
may cong nghiép déng vai trd quan trong trong viéc dam bao ning suat, hiéu qua chi phi
va an toan lao dong. C4c su cb may cong nghiép bat ngy khong chi dan dén thoi gian
nging hoat dong ton kém ma con gay ra rui ro cho nguoi van hanh va tinh 6n dinh cuaa hé
thdng. Do d6, chan doan 15i may cong nghiép da tro thanh mot linh vuc nghién ciu quan
trong, nham phat hién va phan loai 15i ¢ giai doan som dé cho phép bao tri kip thoi va
tranh céc sy cb dang tiéc.

Céc phuong phap chan doan 13i truyén théng chu yéu dira vao phan tich rung dong,
chyp anh nhiét va phan tich dac trung dong dién dong co [1, 2]. Phan tich rung dong
duogc coi 1a phuong phap tot nhit trong viéc xac dinh tinh trang may cong nghiép, trong
khi phan tich dic trung dong dién dong co dugc cbng nhan rong rai nhu 1a phuong phap
tiéu chuan dé phét hién 15i dong co. Mic du cac phuwong phap nay da chiing minh hiéu
qua trong nhiéu tinh hudng, chung thudng yéu cau Iap dat cam bién tryc tiép, phan cang
chuyén dung va méi trudng duoc kiém soat. Gan day, viéc tan dung tin hiéu &m thanh-cé
san, khong can thiép vao may céng nghiép va giau théng tin - nhu mét giai phap thay thé
cho gidm sét tinh trang may céng nghiép da thu hat sy quan tdm cua cac nha nghién ctu.

Am thanh phét ra tir may céng nghiép c6 thé phan anh trang thai co hoc cua cac
thanh phan nhu 6 bi, banh ring va dong co. Gan day, chan doan 18i co khi dya trén phan
tich tin hiéu am thanh d3 dan tré thanh mot chu dé nghién ciru nong trong linh vuc chan
doan 15i co khi, do cac wu diém vé d6 chinh xéac phat hién cao, kha ning tong quat hoa
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t6t, do luong khéng nhang va chi phi thap [3]. Cu thé, cac nghién ciu di ching minh
hiéu qua cta phuong phap nay trén nhiéu loai may cong nghiép khéc nhau bao gom van
dién tir, may bom, quat lam mat, ray trugt va hop so. Cac cam bién am thanh c6 kha ning
niam bét chinh xac dic trung 13i, tir d6 cai thién do chinh xac trong phét hién cac bat
thuong so vai hoat dong binh thuong [4]. Cac am thanh bat thuong cd thé phan anh
nhiéu dang hu hong khac nhau nhu nhiém ban, ro ri, mat can bang quay, hong ray,...
khién chin doan 15i dua trén &m thanh tro thanh mot giai phap day hira hen va hiéu qua
vé chi phi, dic biét trong cac méi truong cdng nghiép co do on 16n hoic kho tiép can.

Déng thoi, cac giai phap hoc may véi su phat trién vuot bac hién nay da cach mang
héa linh vuc nhan dang mau va xu ly tin hiéu, cho phép cac mé hinh ty dong hoc céac cap
d6 biéu dién tir dir liéu thd [5]. Vi kha nang trich xuat cac dic trung co tinh dai dién
cao, cac md hinh hoc sau véi cau tric nhiéu 16p an da cho thay hiéu suat vuot troi trong
chan doan va giam sat 15i hé thong may moc. Pac biét, cac mo hinh dugc huan luyén
truéc nhu WavLM [6] dé cho thay hiéu suat dang cha ¥ trong cac nhiém vu xu ly lién
quan dén giong ndi va &m thanh bang céch hoc tir cac tap dir liéu 16n khong nhan.
WavLM duoc huan luyén trén dit liu am thanh da dang thong qua phuwong phéap hoc tu
giam sat. Mo hinh nay c6 kha nang nim bét cac dic trung ngir canh va thoi gian phong
phu, dong thoi thé hién tinh tong quat hoa tét cho nhiéu dang &m thanh khac nhau cha
khoéng chi cho xur ly giong n6i, ma con cho phéan loai &m thanh, nhan dang &m thanh moi
trrong va giam sat tinh trang may céng nghiép...

Nghién ctru nay dé xuat mot phuong phép cho chan doan 16i may cong nghiép dua
trén phan tich tin hiéu am thanh str dung mé hinh duoc huan luyén truéc WavLM. Khac
Vi cac phuong phap trich xuat dic trung truyén thdng, giai phap nghién ciru dé xuat tan
dung sicc manh cua ky thuat transfer learning dé trich xuat cac dic trung am thanh céap
cao tu cac ban ghi &m thé cua may cong nghiép. Cac vector dac trung nay sau do dugc st
dung cho mé hinh Autoencoder (hoc cach nén va tai tao dic trung 4m thanh trich xudt tir
WavLM) dé phét hién bt thuong. Cac dong gbp chinh ciia nghién ciru nay nhu sau:

1. Tan dung kha ning cua mé hinh duoc huan luyén trudc WavLM dé bo qua cac
k¥ thuat trich dic trung nhu xay dung mel-spectrogram hozc trich xuat hé s MFCC, tir
d6 don gian hoa quy trinh chan doan. Giai phap dé xuit sa dung mé hinh WavLM thay
cho mé hinh DAE (Deep Autoencoder) nhu trong giai phap goc [7]. Trién khai kién tric
v6i md hinh WavLM: phat trién ma ngudn gbc (https://github.com/MIMII-
hitachi/mimii_baseline) dé tich hop md hinh WavLM va sir dung md hinh Autoencoder
turong ty md hinh DAE dé phét hién bt thuong.

2. Banh gia giai phap trén tap di liéu MIMII (https://zenodo.org/records/3384388).
Két qua cho thay kién trac st dung mé hinh WavLM dat dugc hiéu suit AUC tét hon so
vé6i két qua thu duoc khi sir dung véi ma nguon géc (dung ma ngudn baseline.py va git
nguyén cac théng sb nhu trong baseline.yaml).
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Phan con lai cua bai bao dugc té chirc nhu sau: Phan 2 gidi thiéu cac cong trinh
lién quan trong chan doan 18i may cong nghiép, Phan 3 mo ta chi tiét giai phap dé xut,
Phan 4 trinh bay thuc nghiém, cac phan tich va thao luan, Phan 5 két luan bai bao va dé
XUt cac hudng nghién ciru trong tuong lai.

2. C4c codng trinh lién quan

Cac phuong phap dua trén phén tich tin hiéu rung déng, hinh anh nhiét va phan tich
dic trung dong dién dong co y8u cau phai lap dat cam bién vat ly tryc tiép 18n méay cong
nghiép va thyc hién tién xu ly tin hiéu phic tap, 1am han ché tinh linh hoat va kha ning
mé rong trong cac mdi truong cdng nghiép phic tap hoac khac nghiét [1].

Pé ty dong hoéa qua trinh chan doan, cac k¥ thuat hoc may gom Support Vector
Machines (SVM), k-Nearest Neighbors (k-NN) va Gaussian Mixture Models (GMM),...
da duoc &p dung dé phan loai cac mau 18i dua trén cac dic trung trich xuat tir mién thoi
gian, tan sb, hoic biéu dién thoi gian-tan sé cua cac tin hiéu thu duoc tir may cong
nghiép [2]. Tuy nhién, cac phuong phap nay phu thudc nhiéu vao kién thic chuyén sau
dé chon giai phap trich dic trung, co ché phan loai phii hop va nhay cam véi nhiéu ciing
nhu sy bién doi ciia méi truong.

Nhitng c6ng bd gan ddy da kham pha viéc str dung &m thanh truyén qua khéng khi
nhu mot phuong thiac khdng can thiép dé giam sat may céng nghiép, mang lai giai phap
dé tiép can va linh hoat hon. Cac phuong phap dua trén &m thanh thuong sir dung cac dic
trung nhu MFCC, phd log-mel va dic trung chroma dé biéu dién cac dic trung &m thanh
may cdng nghiép [8]. Ma ngudn gbc sir dung mé hinh DAE 1a mét giai phap duoc trich
dan nhiéu trong nghién cau phat hién cac mau am thanh binh thuong (normal) va bat
thudng (abnomal) lién quan dén 18i may cong nghiép [7]. Mac du hiéu qua, phuong phap
nay van phu thudc vao cac dic trung nhu MFCC, phd log-mel, vén cé thé khdng tong
quét hoa tét trén cac loai may cdng nghiép hoic diéu kién am thanh khéc nhau.

Ky thuat transfer learning sir dung cac mé hinh 4m thanh duoc huan luyén trude da
ndi 1én nhu moét hudng tiép can day trién vong trong phan loai &m thanh va phét hién bat
thuong. Cac mo hinh nhu wav2vec 2.0 [9], HUBERT [10] va WavLM [6] tan dung hoc tu
giam sat d& nam bit cac biéu didn cap cao vé thoi gian va ngit nghia tir dir liéu dang song
am thanh tho. Cac méd hinh nay dugc huan luyén trén céc tap di liéu khong gan nhan quy
md 16n va cd thé duoc tinh chinh hoic sir dung nhu cac bo trich dic trung cho cac budc
xur ly tiép theo.

Trong d6, WavLM thé hién hiéu suat vuot troi trong cac budc xu ly lién quan dén
tiéng noi va &m thanh tong quat nhd kha niang mé hinh héa ngit canh nang cao va hiéu
qua d6i véi nhidu. Tuy nhién, tng dung cia WavLM trong cac linh vuc khdng phai tiéng
n6i, nhu phan loai 4m thanh moéi trudong hoac giam sat trang thai may cong nghiép, van
con it dwoc khdm pha. Mot sé cong trinh trude day da kham pha viéc tng dung nhiing
md hinh tu giam sat nhu wav2vec hoic HUBERT cho bai toan phat hién &m thanh bat
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thudng, tuy vay, viéc tich hop mé hinh WavLM vao hé théng chan doan 16i may cong
nghiép van chua dwoc nghién ciru su va co cac cong bd.
3. Giai phap dé xuit
3.1. Kién tric hé thong

Kién trac hé thong dua trén ¥ tuang chinh 1a thay thé kién tric phat hién bét thuong
dwa trén md hinh DAE (dung cac dic trung phd log-mel) bang mét kién trac dugc xay
dung dua trén cac dic trung 4m thanh bac cao (high-level) va c6 kha ning tong quat hoa

t6t hon cuia md hinh WavLM. Téong quan vé kién tric hé thong dugc minh hoa trong
Hinh 1.

Audio Input
WAV Files
Normal/Abnarmal

—

1 WayLM Model
Feature Extraction
Audio — T68-dim vectors

—

|| Dataset Preparation
Train: Normal only
Eval: Normal + Abnarmal

2 hutoencoder
Training Phase
Learn Normal Patterns
76864768

T, Anomaly Deteetion
Reconstruction Error
Threshold Classification
Normal vs Abnormal

Hinh 1. Kién trac hé thong

3.2. Mo ta qua trinh xir ly
3.2.1. Trich xuat dic trung WavLM

M6 hinh WavLM-base [6] huan luyén trén 94.000 gio dir liéu &m thanh khong gan
nhan v&i muc tiéu 1a hoc dugc cac biéu dién (representations) phd quat tir &m thanh,
khong chi chira thong tin vé noi dung loi ndi ma con vé danh tinh ngudi n6i, cam xdc va
cac dac diém khac. Vi mot dang song dau vao x(t), dugc ldy mau ¢ tan s 16 kHz, mod
hinh WavLM (phién ban WavLM-base) duoc ciu hinh “déng bang” - frozen (dong bang
tat ca cac trong sé cia mé hinh va chi huan luyén mot 16p tuyén tinh cudi cing) tao ra
mot vector ddc trung c6 chiéu ¢b dinh z € RY, trong d6 d = 768. Cong thuc duoc biéu
dién nhu sau:

z = WavLM(x(t)), z€e R7%® (1)
Céc dic trung nay dugc trich xuat truc tiép tir cac file am thanh thd, khong yéu cau
céc phép bién ddi pho.
3.2.2. Qua trinh huin luyén
Chuin bi dir ligu
Dataset: Dt liéu dugc xu ly bai 16p OptimizedWavLMPipelineDataset:

Am thanh duoc tai bang librosa.load véi tan sé ldy mau 16000 Hz; Pic trung
WavLM duogc trich xuat tir mé hinh WavLM (microsoft/wavim-base), duoc tai sin va dat
& ché do eval (khdng huin luyén); Dic trung dugc luu vao bd nhd cache (file HDF5) dé
t6i wu hoa tdc do xu ly; Dataset bao gom danh sach file &m thanh va nhan (0 cho binh
thuong, 1 cho bét thuong).
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Dataloader: Dit liéu huan luyén duoc chia thanh tap huan luyén (train_loader) va
tap xac thuc (val_loader) vai ty 1é chia dugc xac dinh boi validation_split trong file cau
hinh .YAML,; Tap danh gia (eval loader) duoc tao tur cac file danh gia; Kich thudc batch
dugc diéu chinh dong boi I6p AdaptiveBatchSizer dua trén bo nhd GPU va kich thudc
dau vao.

M6 hinh Autoencoder: M6 hinh bao gom hai thanh phan chinh:

- B6 ma hoa (Encoder): Mot chudi cac 16p mang no-ron (nn.Linear) c6 nhiém vu
nén dic trung dau vao (vi du: tir 768 chiéu cua mod hinh WavLM-base) xuéng mét khong
gian nhé hon (64 chiéu). Mdi tang tuyén tinh (Nén dir liéu: input_dim -> 256 -> 128 ->
64) dugc theo sau boi ham kich hoat ReLU (nn.ReLU(True)).

- Bo giai ma (Decoder): Mot chudi cac 16p mang no-ron khac c6 nhiém vu téi tao
lai ddc trung gdc tir phién ban da duoc nén. Twong ty, mdi tang tuyén tinh (T&i tao dir
liéu: 64 -> 128 -> 256 -> input_dim) cling stir dung ReL.U lam ham kich hoat.

Quy trinh huan luyén

Ham mdt mat: Sir dung Mean Squared Error (MSE) dé do luong su khac biét gitra
dau vao va dau ra tai tao.

Téi wu héa: St dung thuat toan Adam voi téc do hoc (learning_rate) duoc cau
hinh trong file .YAML,; Ky thuat Mixed Precision Training (torch.amp.autocast) dugc ap
dung dé tang téc va giam sir dung b nhd trén GPU; GradScaler dugc sir dung dé xir ly
gradient trong qua trinh huan luyén.

Quy trinh tirng epoch

Giai doan hudn luyén: M6 hinh ¢ ché do train; Véi mdi batch: Xoa gradient cii
(optimizer.zero_grad()), tinh toan dau ra tai tao va ham mat mat MSE, tinh gradient va
cap nhat tham s mé hinh bang scaler.step(optimizer), ghi lai mat mat trung binh trén tap
huan luyén.

Giai doan xac thuc: M6 hinh ¢ ché do eval, tinh mat mét trén tap xac thuc (khéng
tinh gradient), so sénh mat mat xac thuc vai gia tri tét nhat (best_val_loss).

Early Stopping: Néu mat mét xéac thuc khong cai thién sau patience epoch (mic
dinh 1a 5), qua trinh huan luyén dirng sém, md hinh tt nhit (dya trén mat mat xéac thuc
thip nhat) dugc luu vao file .pth.

3.2.3. Qua trinh danh gia

Tinh toan diém sé bat thwong

M6 hinh tét nhat dugc tai lai (model.load_state_dict); V&i mdi mau trong tap danh
gia (eval_loader): Tinh I3i tai tao bang céach lay trung binh binh phuong sai 1éch giita dau
vao va dau ra ((model(features) - features) ** 2), cac diém sé I18i nay (y_pred_scores)
duoc thu thap dé danh gia.
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Xac dinh ngudng dong

Piém ngudng (dynamic_threshold) dugc tinh dwa trén bach phan vi tht 90 cua
diém s6 16i trén cac mau binh thuong (nhan 0); Néu khong c6 mau binh thuong, ngudng
duogc dit bang gié tri trung binh cua tat ca diém sb.

Gan nhan dw doan: Miu c6 diém sb 16i 16n hon ngudng dwoc gan nhdn bt
thuong (1), nguoc lai 1a binh thuong (0).

Chi s6 danh gia: Hiéu suét cia ca hai mé hinh duoc danh gia bang chi s6 AUC
(Area Under the Curve), do ludng kha ning phan biét gitra diéu kién méy binh thuong va
bat thuong. Két qua AUC duoc tinh riéng cho tirng ID Machine cua tap dit liu MIMII &
ca ba mtrc SNR dé danh gi4 hiéu qua trong cac méi truong nhidu khac nhau.

Dénh gia & Két qua

 md . - Load Model d& Evaluation
® Tinl rror
cho

Hudn luyén Model

Error > Threshold = Anomaly

i Quét dir ligu
Normal & Abnormal WAV files

[ Tinh todn Metrics
AlC

= Luu két qua YAML
& Luu Model tét nhit

= LUu vao HS Cache
Tdi str dung cho ln sau

Khéng

Hinh 2. So do khdi chi tiét ciia qué trinh xaz Iy kién tric hé thang WavLM
4. Két qua thuc nghiém
M6 ta tap dir ligu
Tap dit liéu MIMII [7] cho phép céc nha nghién ctu phét trién, hun luyén va danh
gia cac md hinh c6 kha nang: (a) Phat hién bar thwong (Anomaly Detection): Xac dinh
khi nao am thanh cua mot may cdng nghiép c6 dau hiéu khéac biét so véi hoat dong binh
thuong; (b) Phan logi 15i: Phan biét c4c loai 13i khac nhau dua trén dic diém am thanh;

(¢) Du bdo @é bao tri: Dy bao cac hong hoc tiém an trude khi ching xay ra, cho phép can
thiép kip thoi.
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Phién ban tap dit liéu MIMII cong khai dwoc sir dung trong bai bao nay bao gdm
céc ban ghi &m tir bon loai may céng nghiép phé bién, mai loai c6 nhiéu mau khac nhau
dé dam bao tinh da dang: (a) Van (Valves): Ghi lai am thanh cua cac van dién tir khi
chung dong va mé; (b) Mday bom (Pumps): Am thanh tir cic may bom nudc hoat dong
lién tuc; (c) Quat (Fans): Tiéng on tir cac loai quat cdng nghiép dung dé luu thong khong
khi: (d) Thanh truot (Slide rails): Am thanh phat ra tir cac hé thdng truot tuyén tinh khi
di chuyén.

Tap MIMII c6 48 ID Machine cho 4 loai may, mdi loai may duoc t6 chirc theo 04
ID Machine (id_00, id_02, id_04, id_06) va ba muc ty I& tin hi¢u trén nhiéu (SNR): -6
dB, 0 dB, va 6 dB, phan anh cac muc d6 nhiéu nén khac nhau. Céac ban ghi am thanh &
diéu kién binh thuong duoc sir dung dé huan luyén, trong khi bo danh gia bao gom mot
tap can bang gitta dir liéu 4m thanh binh thuong va bat thuong. Tat ca file 4m thanh dugc
ldy mau lai ¢ tan s6 16 kHz dé dam bao tuwong thich vai md hinh WavLM.

Cau hinh thuc nghiém

Kién tric dung mé hinh DAE: Pay 1a kién truc duoc cung cap trong phién ban
chinh  thac dung cho tap d& licu MIMII  (https://github.com/MIMII-
hitachi/mimii_baseline), sir dung mé hinh DAE vai kién trdc mang két ndi day du (fully-
connected) gdom céc 16p (64-64-8-64-64). Pic trung log-mel spectrogram duoc trich xuat
tir file &m thanh véi cac tham sé: 64 bang tan mel (n_mels: 64), 5 khung thoi gian
(frames: 5), kich thuéc FFT la 1024 (n_fft: 1024), budc nhay 512 (hop_length: 512), va
cong suat 1a 2.0 (power: 2.0). M6 hinh duoc trién khai bang thu vién Keras, huan luyén
véi thuat todn téi vu Adam (toc do hoc 0.001), kich thudc 16 (batch_size) 1a 512 va 50
vong lap (epochs) huan luyén. Céc tham sé cua kién trac nay duoc giit nguyén nhu trong
ma nguodn gdc (chua tinh chinh, téi wu tham s6), két qua thu duoc khi chay kién tric nay
dugc st dung cho muyc tiéu so sanh, danh gia.

Kién tric dung mé hinh WavLM: phét trién tir ma ngudn gbc (baseline.py) dé ung
dung m6 hinh WavLM cho trich cac dac trung tu cac file &m thanh th. WavLM dugc st
dung nhu mot bd trich dic trung, sinh ra cac vector dac trung co chiéu dai 768. Cac ciu
tric va tham sé ciia kién tric ndy sau phan xir 1y trich ddc trung tir mé hinh WavLM
duoc sir dung nhu trong kién trdc ding mé hinh DAE.

Chi s6 danh gia: Hiéu suat cia ca hai mé hinh dugc danh gia bang chi sé AUC
(Area Under the Curve), do ludng kha ning phan biét gitra diéu kién may binh thuong va
bat thuong. Két qua AUC duoc tinh riéng cho ting ID Machine cua tap dit liu MIMII &
ca ba mirc SNR dé danh gia hiéu qua trong cac méi truong nhidu khac nhau.

Két qua

Cac gia tri AUC thu duogc sau khi chay cac kién trac dung md hinh DAE va kién
trdc dung mé hinh WavLM cho tap dir liéu MIMII duoc trinh bay trong Bang 1. Bang
ciing bao gdm do chénh léch AUC (DAE AUC — WavLM AUC) va md hinh c6 hiéu suat
cao hon trong ting diéu kién. Két qua AUC ddi véi tap dix lieu MIMII gdm 48 ID
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Machine cho thay kién tric dua trén mé hinh WavLM tét hon DAE trong 26/22 ID
Machine. Bang 2 1a két qua AUC trung binh cua cac loai may va hiéu suét trung binh
téng thé cua 2 md hinh. Khi xét trén toan bo di liéu, mé hinh WavLM c6 hiéu suat trung
binh cao hon so véi DAE. Cy thé, WavLM dat AUC trung binh la 0.7456, trong khi DAE
dat AUC trung binh 13 0.7303. Két qua nay cho thdy vé tong thé mé hinh WavLM tét
hon DAE.

Bang 1. Két qua AUC cua tap di ligu MIMII

Machine | ID SNR | AUC WavLM | AUC DAE | Chénhléch | M#é hinh tét hon
fan id 00 | -6 dB 0.6458 0.5689 0.0769 WavLM
fan id 00| 0dB 0.7441 0.6225 0.1216 WavLM
fan id 00| 6dB 0.8896 0.6988 0.1908 WavLM
fan id 02 | -6dB 0.7263 0.6598 0.0665 WavLM
fan id 02| 0dB 0.8560 0.8512 0.0048 WavLM
fan id 02| 6dB 0.9665 0.9805 -0.0139 DAE
fan id 04 | -6 dB 0.6479 0.5917 0.0563 WavLM
fan id 04| 0dB 0.8331 0.7140 0.1191 WavLM
fan id 04| 6dB 0.9523 0.9228 0.0294 WavLM
fan id 06 | -6 dB 0.7987 0.7885 0.0102 WavLM
fan id 06 | 0dB 0.9623 0.9867 -0.0244 DAE
fan id 06 | 6dB 0.9973 0.9983 -0.0010 DAE

pump |id 00 | -6dB 0.7992 0.5610 0.2383 WavLM
pump |[id 00| 0dB 0.8951 0.7938 0.1013 WavLM
pump |id 00| 6dB 0.9511 0.7728 0.1783 WavLM
pump |id 02 | -6dB 0.8270 0.5571 0.2699 WavLM
pump |id 02| 0dB 0.9704 0.4971 0.4733 WavLM
pump |id 02| 6dB 0.9968 0.4854 0.5113 WavLM
pump | id 04 | -6dB 0.8430 0.9174 -0.0744 DAE
pump |id 04| 0dB 0.8205 0.9462 -0.1257 DAE
pump id 04| 6dB 0.8065 0.9895 -0.1830 DAE
pump |id 06 | -6 dB 0.6693 0.6811 -0.0118 DAE
pump |id 06 | 0dB 0.9109 0.8520 0.0589 WavLM
pump |id 06 | 6dB 0.9766 0.8854 0.0912 WavLM
slider id 00 | -6 dB 0.4859 0.9268 -0.4409 DAE
slider id 00| 0dB 0.3921 0.9810 -0.5889 DAE
slider |id 00| 6dB 0.5092 0.9896 -0.4804 DAE
slider id 02 | -6 dB 0.6955 0.7716 -0.0761 DAE
slider id 02| 0dB 0.9162 0.8544 0.0619 WavLM
slider id 02| 6dB 0.9211 0.9356 -0.0144 DAE
slider id 04 | -6dB 0.5567 0.6644 -0.1078 DAE
slider id 04| 0dB 0.4682 0.7437 -0.2755 DAE
slider id 04| 6dB 0.5321 0.9233 -0.3911 DAE
slider id 06 | -6 dB 0.3496 0.5270 -0.1774 DAE
slider id 06 | 0dB 0.3014 0.5383 -0.2370 DAE
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slider id 06 | 6dB 0.5118 0.7148 -0.2030 DAE
valve id 00 | -6dB 0.7418 0.2938 0.4480 WavLM
valve |id 00| 0dB 0.9376 0.5880 0.3496 WavLM
valve |id 00| 6dB 0.9918 0.7878 0.2040 WavLM
valve |id 02| -6dB 0.6779 0.5681 0.1099 WavLM
valve |id 02| 0dB 0.5767 0.5699 0.0068 WavLM
valve id 02| 6dB 0.5881 0.6664 -0.0783 DAE
valve id 04 | -6 dB 0.4754 0.5742 -0.0988 DAE
valve id 04| 0dB 0.7785 0.4868 0.2917 WavLM
valve id 04| 6dB 0.8901 0.6686 0.2215 WavLM
valve id 06 | -6 dB 0.5916 0.5369 0.0547 WavLM
valve id 06 | 0dB 0.6753 0.6785 -0.0033 DAE
valve id 06 | 6dB 0.7360 0.7408 -0.0048 DAE
Bang 2. Két qua AUC trung binh theo cac may cua tap di ligu MIMII

Machine AUC WavLM | AUC DAE | Chénhléch | Mé hinh tét hon

fan 0.8350 0.7820 0.0530 WavLM

pump 0.8722 0.7449 0.1273 WavLM

slider 0.5533 0.7975 -0.2442 DAE

valve 0.7217 0.5967 0.1251 WavLM

Trung binh 0.7456 0.7303 WavLM

Két qud AUC theo tieng loai may thé hign trong Hinh 3.

So sanh AUC trung binh clia WavLM va DAE theo ID trén tap di liéu MIMII

Fan

Pump

WavlM
1.0 4 DAE

0.8 4 4=0130

Trung binh AUC
°
5

2=0.019

4-0.068

£=-0.005

Trung binh AUC

AS0.418 A=0.128

A=0.173

WavlM
DAE

£=0.046

D
Slider

1.0 £=-0503

£=-0.009

A=-0.258

WavLM
DAE

£=-0.206

Trung binh AUC

£=0.334

A=0.138

£=0.013

WavLM
DAE

£=0.015

Hinh 3. So sanh két qua AUC trung binh theo logi may
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Nhan xét:

- Fan: WavLM chiém wu thé & hau hét cac trudng hop, dic biét & SNR thip (-6
dB). Tuy nhién, DAE c6 hiéu suit cao hon & mét sb truong hop voi SNR cao (6 dB) cho
id_02 va id_06.

- Pump: WavLM c6 hiéu suat vuot troi & phan Ién cac truong hop, dic biét voi
id_02 (chénh léch 1én dén 0.4733 - 0.5113). Tuy nhién, DAE hoat dong tét hon ¢ id_04
trén ca ba mac SNR, cho thy su bat én dinh caa WavLM véi model nay.

- Slider: DAE vuot troi ro rét so véi WavLM trén loai may slider, dac biét & SNR
thap (-6 dB) va trung binh (0 dB). WavLM chi tét hon & mét truong hop (id_02, 0 dB).

- Vavle: WavLM thuong tét hon, dic biét & id_00 (chénh léch 16n: 0.2040-
0.4480). Tuy nhién, DAE c6 hiéu suat tot hon & mot s6 trudng hop, dac biét véi id_04 (-
6 dB) va id_06 (0 dB, 6 dB).

Két qua AUC theo SNR thé hién trong Hinh 4:

So sanh AUC trung binh clia WavLM va DAE theo SNR va Loai may trén tap di liéu MIMII

Fan Pump
WavLM WavLM
1.0 A=0.051 1 =
DAE DAE B0 127 2=0.149
£=0.055
A=0.105
0.8
U £=0.052 U
=2 =2
= ES
£ 06 =
s =
= =
c c
S 04 ER|
[ =
0.2
0.0 T T . T T ;
-6ds ods 6ds -6dB 0ds 6dB
SNR SNR
Slider Valve
104 WavLM | WavLM
DAE A=-0272 DAE
] A=-0.260 ] 4=0.086
o 28 A=-0201 o £=0161
2 2 A=0.129
< 06 <
s =
@ o
c c
S 04 ER|
E =
0.2
0.0 T T . T T T
-6ds ods 6ds -6dB 0ds 6dB
SNR SNR

Hinh 4. So sanh két qua AUC trung binh theo SNR

Nhan xét:

- Mic -6 dB (nhiéu cao): Trong diéu kién nhiéu cao, hiéu suat cua ca hai mé hinh
thuong thap hon so voi cdc mic SNR cao hon. WavLM thudng cd xu huéng vuot troi
hon DAE ¢ mic SNR nay cho cac loai may nhu Fan va Pump, va Valve (ngoai trir mot
s6 1D cu thé). Tuy nhién, DAE van manh hon & Slider.

- Muc 0 dB (nhiéu vira): Khi chat lwong tin hiéu dugc cai thién, AUC cua ca hai
mo hinh déu c¢6 xu hudng ting. WavLM van duy tri sy vuot trdi ¢ nhiéu treong hop cho
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Fan, Pump va Valve, nhung DAE tiép tuc khang dinh wu thé cho Slider va bt dau vuot
troi cho mot sb 1D cu thé ciia Pump va Valve.

- Mtc 6 dB (nhidu thap): O mic SNR cao nhét (it nhiéu nhit), ca hai mé hinh déu
dat duoc hiéu suat cao nhat, véi AUC gan 1.0 trong nhiéu truong hop. Tai muc nay, su
canh tranh giita hai md hinh tré nén rd rét hon, véi DAE thé hién tét hon & mot s 1D
Fan va Valve, va van giit viing vi thé cho Slider.

Nhgn xét chung

- Hiéu suit ting theo SNR: Khi SNR ting (tirc 1a tin hiéu sach hon), hiéu suit AUC
ctia ca hai mé hinh déu c6 xu hudng ting, diéu nay 1a dung nhu ky vong vi viéc phat hién
su bat thuong tro nén dé dang hon khi nhiéu giam.

- Phu thudc vao loai may: Su lya chon md hinh tét hon phu thudc rat nhiéu vao loai
may. WavLM Ia lya chon manh mé& cho céc thiét bi quay (Fan, Pump) va Vavle, trong
khi DAE la lua chon r6 rang cho Slider.

- Khéng c¢6 mo hinh chién thang tuyét dbi: Khong c6 mé hinh nao vuot troi hoan
toan trong moi diéu kién. Hiéu suét téi wu dat duoc dua trén sy két hop giira md hinh,
loai may va mic do nhiéu.

- Chi phi tinh toan cao: Qua trinh trich xuat vector dic trung tir md hinh WavLM
t6n thoi gian xir Iy hon so véi viéc tinh toan log-mel spectrogram.

- Khac biét mién tng dung: WavLM chu yéu dugc huan luyén trén dir liéu giong
noi, kha nang mé hinh nam bét cac dic diém am thanh chuyén biét caa dit liéu may co
thé bi han ché, dan dén hiéu suat khong dong déu so véi cac dic trung phd duoc thiét ké
riéng cho linh vuc nay nhu trong mé hinh DAE. Can céc thir nghiém dé tinh chinh mo
hinh WavLM giap nam bét tot hon cac dic diém a&m thanh chuyén biét cia may cong
nghiép.

5. Két luan va hwéng nghién ciéu

Nghién ctru nay da dé xuat mot kién tric dwa trén mod hinh méi cho bai toan chan
doan 16i may cdng nghiép dya trén am thanh, thay thé kién tric sir dung DAE bang céch
tiép can phan loai sir dung vector dic trung tir mé hinh WavLM di duoc huin luyén
trugc. Céac két qua thyc nghiém trén tap dix liéu MIMII cho thdy mé hinh WavLM dat
hiéu suat tot hon so véi DAE trong 3 loai may (Fan va Pump, va Valve). Tuy nhién, md
hinh DAE van chiém uu thé trong 1 loai may (Slider), cho thiy tinh chat b6 sung l1an
nhau giira hai huéng tiép can.

Hudng nghién ctu tiép theo caa bai bao nay s& mé rong pham vi nghién cau ddi
Vi cac tap dit lidu khac trong cac “Thach thite DCASE” [11]. Trong d6, kién trac hé
thdng s& dugc nghién ctu theo hudng tong quéat hda mo hinh hodc tinh chinh cac mo
hinh riéng biét cho timng loai may gém: (a) Md hinh lai (hybrid): Két hop vector dic
trung tir WavLM vdi cac dic trung phd truyén théng (nhu log-mel spectrogram) dé tan
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dung dong thoi vu diém caa cac mé hinh; (b) Fine-tuning WavLM theo mién izng dung:
Tinh chinh mé hinh WavLM biéu din t5t hon dic diém am thanh chuyén biét cua cac
may cdng nghiép dé ting hiéu suat phat hién 1i.
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INDUSTRIAL MACHINERY FAULT DIAGNOSIS BASED ON AUDIO SIGNAL
ANALYSIS USING A PRETRAINED MODEL

Nguyen Duc Hoang?
ABSTRACT

Industrial machinery fault diagnosis represents a critical challenge to ensure
optimal performance across manufacturing systems, yet conventional approaches relying
on physical sensors often lack flexibility and scalability. This paper proposes a novel
approach based on acoustic signal analysis, leveraging pre-trained WavLM models to
extract high-level features directly from raw audio signals. Experimental validation on
the MIMII dataset demonstrates that the proposed architecture achieves superior
performance compared to conventional Deep Autoencoder (DAE) methods, particularly
in high-noise environments. This study has demonstrated the substantial potential of
applying pre-trained audio models to machine fault diagnosis in industrial environments,
while suggesting promising directions for future improvements, including hybrid
architectures and domain-specific model fine-tuning strategies.

Keywords: MIMII Dataset, industrial Machine Fault Diagnosis, fault Diagnosis,
signal Analysis, pretrained Model, WavLM, transfer Learning.
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