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TOM TAT

Trong linh viee bdo tri va bdo dwéng, viéc tién hanh khdo sat va diéu tra dé xdc dinh va phan
tich cdc hw héng dong vai tro quan trong trong qud trinh san xudt. Gan day, da cé6 mét lwong 16n
nghién ciru vé cac ky thudt phat hién bat thieong nham trdnh cdc han ché lién quan dén chi phi va
nhan dir liéu. Do d6, chiing t6i dé xudt sir dung mét phwong phdp hoc mady khéng gidm sat dwoc biét
dén la Variational AutoEncoder (VAE) dé chan dodn cdc huw hong ciia dam, mét chi tiét co ban trong
linh vuee co khi. Bang cdch tién hanh thwe nghiém trén cdc mé hinh dam, chiing téi c6 thé danh gid
va biéu dién cic hw hong mét cach hiéu qua trong khéng gian tiém an. Qua dé, nghién ciru nay da
cho thdy tinh hiéu qud va kha thi ciia khéng gian dn trong mé hinh VAE, ¢é thé vmg dung véi nhiéu
loai huw hong va nhiéu chi tiét khdc trong cong nghiép.

Tir khéa: Hur héng ciia dam; Nhin dién bdt thuong; VAE; Khéng gian tiém an.
ABSTRACT

In the field of maintenance and upkeep, conducting surveys and investigations to identify and
analyze faults plays a crucial role in the production process. Recently, there has been a significant
amount of research on anomaly detection techniques to overcome limitations related to cost and
data labeling. Therefore, we propose the use of an unsupervised machine learning method known
as Variational AutoEncoder (VAE) for diagnosing beam faults, a fundamental component in the
mechanical industry. By conducting experiments on beam models, we can effectively evaluate and
represent faults in the latent space. This research demonstrates the effectiveness and feasibility of
the latent space in the VAE model, which can be applied to various types of faults and different

components in the industry.
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1. PAT VAN PE

Viéc diéu tra, khao sat hu hong ludn
1a mbi quan tdm trong linh vuc bao tri va bao
dudng may moce, trong do6 viéc khao sat hu
hong do moéi thuong khé dé nhan biét su xut
hién cua cac vét nat trong vat liéu. Nhirng nam
gan day, cac phuong phap chan doan sir dung
tri tué nhan tao (AI) thuong lién quan dén tac
vu phan loai hodc héi quy (classification and
regression) [1], [2], tuy nhién dé thu thap dit
liéu hu hong doi hdi cong stre va chi phi dang
ké. Cac dir lidu cho cac trang thai hong hiém va
d6i khi khong thé co duoc [3]. Trong khi do,
viéc phan loai mirc d¢ hu hong do cac yéu t6
khac nhau trong két cau ciing kho khan. Dir liéu
dugc gan nhan thuong khong co sin, khién cac
thuat toan khong hi¢u qua [4].

Trong linh vyc tri tué nhan tao (Al),
nhan dién bit thuong (anomaly detection) da
duogc chi y dén nhod vu diém tranh nhiing han
ché cuia cac phuong phap da néu trén [5]. Xirui
Ma va cong sy di chi ra rang hoc khong gidm
sat ¢6 thé chi ra nhitng hu hong bét thuong c6
thé phat hién tir cac dic trung trich xuét tir dit
liéu dao dong ma khong can phai dan nhan [6].
O nghién ctru ndy, ching t6i dua ra mot phuong
phap c6 thé nhan biét dugc hu hong st dung hoc
may khong giam sat (unsupervised learning) co
tén la Variational AutoEncoder (VAE) [7]. Cac
thiét ké, tinh toan vé quy trinh 1ay mau, xu ly
sO liéu bang Variational Mode Decomposition
(VMD) [8] va thong s6 mang ciing dugc trinh
bay. Ngoai ra, mién khong gian an (latent space)
trich xut tir dit liéu rung dong thong qua VAE
s& dugc phan tich, danh gia va biéu dién dé thé
hién hu hong so véi dam thép nguyén ven.

2. PHUONG PHAP
2.1. Dir liéu thu thap

Tin hiéu lién tuc tir cam bién duge doc
va chuyén thanh tin hiéu s6 thong qua card 4m
thanh ctia may tinh bang phan mém, tir 46 duoc
luu dudi dang tép c6 dudi mo rong *.wav. Cac
thong s6 1dy mau dugc cai dat ngay trén phan
mém nhu tan s ldy mau, do phan giai cia tin
hiéu. Tan s6 léy mau duoc chon 13 16000 Hz.

C6 hai van d& can quan tam khi chon
tan sb 1ay mau. Pau tién 13 tin s6 14y mau phai
16n hon gap hai 1an tan s cao nhat cua tin hiéu.
Thir hai, tan s6 14y mau khong qué 16n vi néu
qua 10’n ddng nghia may tinh s& xu ly nhleu hon
cho mdi gidy. Vi vy dé chon tan sd ldy mau
can cho chay thtr voi cac tan sé khac nhau Gmg
v6i diy tan sd gii han cua cam bién. Sau do
thong qua phd FFT cua tin hiéu va kha ning xtr
1y ctia may tinh (do bang thoi gian) dé chon ra
tan s thich hop.

2.2. Xit 1y tin hiéu

Pbi voi dang tin hiéu dang song, ki
thuat trich xudt cdc ham c¢6 tén 1a Intrinsic
Mode Function [9] (IMF), theo d6 mot tin hiéu
bao gém nhiéu mode dao dong, mdi dao dong
1a mot ham IMF mang y nghia la cac dao dong
riéng 1€ hop thanh tin hiéu, m6i phin mang mot
dic trung 1 tan s6 va bién do6i bién do riéng. Do
do, ¢ nghién ciru nay, phuong phap Variational
Mode Decomposition (VMD) [8] duoc st dung
dé trich xuit nhimg mode tin hiéu khac nhau.

Thuat todan VMD 1a mét qua trinh t6i uru
hoa thong qua cac vong lap. Cac IMF xac dinh
bang cach tim céc tan s trung tAm, théng qua
viéc toi thiéu hoa ham chi phi dugc tinh toan
thong qua chuan Euclid (L2) giita tin hiéu goc
va tin hiéu duogc ude tinh. Cac tham sd s& duge
cap nhat thong qua phép nhan tr Larrange.
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2.3. Variational AutoEncoder
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Hinh 1. So dé nguyén Iy mang VAE. Di¢ liéu vio X
dwoc dwa qua bo ma hoa P p; (Z | X) dé dwa vée mién
an roi tir dé truyén qua bé giai ma Pe(X|Z) dé sinh

ra dit liéu tdi tao X.

Variational Autoencoder [8], hay goi
tat 1a VAE, la mot loai mang noron nhan tao
duoc st dung trong hoc may khong giam sat.
Dir liéu ban dau thong qua VAE s& dugc nén vé
mot mién dir liéu an (latent space) biang phuong
phap anh xa qua bd ma héa (encoder) véi sb
chiéu nho hon dit lidu géc. Sau d6, mot mang
noron gidi ma (decoder) s€ anh xa tu latent
space vé mién di liéu ban dau, cu thé nguyén
1y hoat dong ctiia VAE dugc thé hién qua Hinh
1. Uu diém cta md hinh neural network nay 1a
latent dugc nén vé biéu dién nhoé hon, nhung
van gilt dugc cac dic tinh quan trong cia dir
liéu gdc. Ngoai ra, ta c¢6 thé quyét dinh phan
phdi ma latent sinh ra nho Kullback-Leibler
(KL) divergence [10].

D6i voi mién dir lidu rung dong khong
¢ qua nhiéu su khac biét giira dit liéu hu hong
va dir liéu nguyén ven. Do d6, trong nghién
ciru nay, chuing to1 s dung dir li€u & trang thai
ban dau ciia dam (khong bi hu hong) dé trich
xuét latent dudi dang mot phan phdi chuin

N ~ (jix,0%) nhu dd néu trén Hinh 1. Cac
diém trong mién an ¢ trang thai hu hong sé

dugc ddi chiéu véi cac diém 6 trang thai nguyén
ven trong mién an. Theo nghién ctru [6], ham
méat mat ciia VAE duoc tinh toan tir Kullback
Leibler divergence (KL) dung dé rang budc
phan phdi chuan cho latent space thé hién &
cong thuc (1).

D (laG) = ) po) log( = ;) (1)

xEy

Véi x 1a dir liéu ban dau, p(x) va q(x)
1a hai phan phdi do encoder va decoder tao ra.
Nhu vay, ham méat mat cudi cung cua VAE trinh
bay ¢ cong thtrc (2).

Lyag = }{||x—£||

(2)
+ E Dy (p(21%) | [p(2))
Véi x, % 1an luot 1a dir lidu gbc va dir
ligu khéi phuc, p(z[x) 1a phan phéi cua latent
sinh ra tir dir liéu gbc boi encoder va p(z) la

phan phéi ciia latent ma ta mong mudn trd
thanh.

3. THi NGHIEM

Mo hinh thi nghiém gém 03 phan chinh:
dam, khung d& dam (bao gom lién két voi dam)
va dong co rung, trong d6 md hinh dam c6 kich
thudce 1a 90 x 50 x 5 (mm).

Hinh 2. M6 hinh thi nghiém dam.
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Dudi tac dung cua tai trong, chi tiét dim
s€ bi pha huy sau mot so6 chu ky nhat dinh.

Tuy nhién, néu dé dam moi mot cach
tu nhién (khong tac dong thém) trong qua trinh
mo phong hoat dong thi s& can rat nhidu thoi
gian dé dam tién dén trang thai nay. Do d6, dim
s& duoc cét ban dau dé tao nén ung suét tap
trung tai mot vi tri cu thé dé giup dam phat trién
vét nut t& vi do, tir d6 c6 thé mod phong duoc
qua trinh hu hong cta dam.

Vi tri ¢t 1a tai vi tri % cua dam, dam
s& dugc rung lién tuc va cr cach moi phut s&
ldy mau mot 1an. Dam sé& 1ay véi 10 mic d6 hur
hong, ing véi mdi mirc do thi chidu dai vét cat
s& ting thém 2mm. Giita cac mau déu c6 thoi
gian nghi vi khi hoat dong, dong co nong sinh
nhiét anh huong dén két qua do. Cac mau thi
nghiém phai dugc danh sb thir tu va thoi gian
va diéu kién lay mau.

Hinh 3. Tao vét cdt kich thich hw hong cho dam.
4. KET QUA VA THAO LUAN

Qua qua trinh xtr 1y tin hiéu thu duoc sd
lugng tir cadc kénh IMF thong qua qua trinh xtr
Iy bang VMD, cu thé VMD tdi da 05 kénh IMF.
Pé tin hiéu duoc trich xuit mot cach hiéu qua,
cac IMF duoc danh gia thong qua hé sé tuong
quan gifta cac kénh véi tin hiéu gdc dugc thé
hién & Bang 1.

Bdng 1. Hé s6 twong quan ciia cdc kénh IMF so
voi tin hiéu goc thu dwoc tir cac dam

IMF | 1 2 3 4 S

D?m 0.023 | 0.035  0.042  0.108 | 0.996
D";m 0.012 | 0.029 | 0.028 | 0.106 | 0.998
D";‘m 0.043 | 0.061 | 0.088 | 0.069 | 0.993
Dim 0.045 | 0.070 | 0.177 | 0.098 | 0.980

Nhimng kénh c6 hé sé twong quan 16n
hon gié tri 0,1 s& dugc chon dé xir Iy. Cac thanh
phan dao dong cudng buc mang dic tinh cua
dao dong cudng buec, néu c6 su thay ddi bat ky
nao thi bién do cua cac thanh phan nay ciing s&
thay ddi. Do d6, sau khi chon duogc cac kénh
IMF chu dao thi str dung bién dg tirc thoi cua
chung dé 1am thong s6 dau vao cho qué trinh
chan doan hu hong bang VAE.
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Hinh 4. Biéu dién latent space trich xudt tir dam
nguyén ven va huw hong dwoc thé hién qua phép
PCA. Cdc diém madu xanh luc va xanh dwong thé
hién dam trong trang thdi hoat déng binh thwong
6 tdp hudn luyén va tdp kiém chirng, cdc diém mau
do biéu thi dam bi hu hong trong tdp kiém chirng.
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Sau khi xir Iy tin hiéu, ta trich xuat biéu
dién latent cia mo6 hinh da duoc huan luyén.
Cac dac trung trich xuét duoc thé hién trong
hinh 5. Ta nhan thdy khi mitc d6 hu hong cang
gia tang thi gia tri latent c6 xu hudng tang theo.
Diéu nay chimg to rang encoder cia VAE c6
kha ning chi ra nhitng hu hong va c6 thé nhan
biét mot cach rd rang thong qua ty 1& phuong
sai.

Két qua du doan hu hong ctia md hinh
dugc thé hién o bang (2).

Bdng 2. Két qua dw dodn huw héng trén dam.

Do chinh xac
Dam 1 85%
Dam 2 89%
Dam 3 85%
Dam 4 89%
5. KET LUAN

Trong nghién clru nay, ching t6i1 gioi
thiéu phuong phap VAE dé nhan biét hu hong
thong qua dir liéu rung dong. Két qua chi ra
rang VAE c6 hiéu qua trong viéc trich xut
nhiing dac tinh cua hé dam. Latent sinh ra tur
encoder c6 thé phan biét dugc mot cach 1o rang
thong qua biéu dién cua né trén d6 thi phan
phéi. N6 ciing 1am noi bat tAm quan trong cua
cac dic trung an trong VAE noi riéng va mod
hinh generative deep learning n6i chung.
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