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TOM TAT

Trong linh viee bao tri va bdo dwéng, viéc tién hanh khdo sdt va diéu tra dé xdac dinh va phan
tich cdac hw héng déng vai tro quan trong trong qud trinh san xudt. Gan ddy, da c6 mot lwong lom
nghién civu vé cac ky thudt phat hién bat thwong nham tranh cdc han ché lién quan dén chi phi va
nhén dit liéu. Do d6, chiing t6i dé xudt sir dung mot phwong phdp hoc may khéng giam sat dioc biét
dén la Variational AutoEncoder (VAE) dé chin dodn cdc huwe hong ciia dam, mét chi tiét co ban trong
linh vuec co khi. Bang cdach tién hanh thwe nghiém trén cdc mé hinh dam, chiing t6i ¢6 thé danh gid
va biéu dién cac hwe hong mét cdch hiéu quda trong khéng gian tiem an. Qua do, nghién ciru nay da
cho thay tinh hiéu qud va kha thi ciia khéng gian an trong mé hinh VAE, cé thé iing dung véi nhiéu
loai hir hong va nhiéu chi tiét khdc trong céng nghiép.

T khéa: Hu hong ciia dam; Nhan dién bat thwong; VAE; Khéong 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.

Keywords: Damage of beam,; Anomaly detection; VAE, Latent space.
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1. PAT VAN PE

Viée diéu tra, khao sat hu hong ludn
1a mdi quan tam trong linh vuc bao tri va bao
dudng may moc, trong d6 viéc khao sat hu
hong do moi thuong kho dé nhan biét sy xuit
hién cua cac vét nirt trong vat liéu. Nhitng nam
gan day, cic phuong phép chan doan sir dung
tri tué nhan tao (AI) thuong lién quan dén tac
vu phan loai hodc hoi quy (classification and
regression) [1], [2], tuy nhién dé thu thap dit
li¢u hu hong doi hoi cong strc va chi phi dang
ké. Cac dir lidu cho céc trang thai hong hiém va
d6i khi khong thé co duoc [3]. Trong khi do,
viéc phan loai mirc d§ hu héng do cac yéu tb
khac nhau trong két cau ciing kho khan. Dir liéu
dugc gan nhin thuong khong co sin, khién cac
thuat toan khong hi¢u qua [4].

Trong linh vyc tri tu¢ nhan tao (Al),
nhan dién bat thuong (anomaly detection) d
dugc chii y dén nho wu diém tranh nhitng han
ché ciia cac phuong phap da néu trén [5]. Xirui
Ma va cong su di chi ra rang hoc khong giam
sat ¢6 thé chi ra nhitng hu hong bat thuong co
thé phat hién tir cac déc trung trich xudt tir dit
liéu dao dong ma khong can phai dan nhan [6].
O nghién ctru nay, chtng t6i dwa ra mot phuong
phap co thé nhén biét dugc hu hong str dung hoc
may khong giam sat (unsupervised learning) c6
tén la Variational AutoEncoder (VAE) [7]. Cac
thiét ké, tinh toan vé quy trinh ldy méu, xtr ly
s6 liéu bang Variational Mode Decomposition
(VMD) [8] va thong s mang ciing duoc trinh
bay. Ngoai ra, mién khong gian an (latent space)
trich xuat tir dit liéu rung dong thong qua VAE
s& dugc phan tich, danh gia va biéu dién dé thé
hién hu hong so voi dam thép nguyén ven.

2. PHUONG PHAP
2.1. Dit liéu thu thap

Tin hiéu lién tuc tir cam bién dugc doc
va chuyén thanh tin hiéu sb thong qua card 4m
thanh ctia may tinh bang phin mém, tir 46 duoc
luu dudi dang t€p c6 dudi mo rong *.wav. Céac
thong s6 1dy mau duoc cai dit ngay trén phan
mém nhu tan s 14y miu, d6 phan giai cua tin
hiéu. Tan sb léy mau dugc chon 1a 16000 Hz.
C6 hai van dé can quan tam khi chon tan s6 lay
mau. Pau tién 14 tan s6 ldy mau phai 16n hon
gap hai 1an tan s cao nhét cua tin hiéu. Thu
hai, tan sé 14y mau khong qua 16n vi néu qua
16n dong nghia may tinh s& xir Iy nhiéu hon cho
mdi gidy. Vi vay dé chon tan s 1dy mau can
cho chay thir v6i cac tan s6 khac nhau tng voi
day tan sb giéi han ctua cam bién. Sau d6 thong
qua ph6 FFT cua tin hiéu va kha nang xir Iy cta
may tinh (do bang thoi gian) dé chon ra tan s6
thich hop.

2.2. Xir Iy tin higu

Dbi véi dang tin hiéu dang song, ky
thuat trich xuét cac ham c6 tén la Intrinsic
Mode Function [9] (IMF), theo d6 mét tin hi¢u
bao gébm nhiéu mode dao dong, mdi dao dong
la mdt ham IMF mang y nghia la cac dao dong
riéng 1é hop thanh tin hiéu, mdi phan mang mot
dic trung 13 tin s6 va bién d6i bién d6 riéng. Do
do, & nghién ctru nay, phuong phap Variational
Mode Decompos1t10n (VMD) [8] dugc st dung
dé trich xuét nhitg mode tin hiéu khac nhau.

Thuét toan VMD 1a mot qua trinh ti vu
hoa thong qua céac vong lap Cac IMF xac dinh
bang cach tim cac tan sé trung tim, thong qua
viéc tdi thiéu hoa ham chi phi dugc tinh todn
thong qua chuan Euclid (L2) giira tin hiéu goc
va tin hiéu duoc udce tinh. Cac tham sb s& duge
cap nhat thong qua phép nhan tir Larrange.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 306, thang 8 nim 2023 159
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO PO

2.3. Variational AutoEncoder

Iteratively train
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Hinh 1. So' @6 nguyén 1y mang VAE. Dit liéu vio X
dugc dwa qua bo ma hoa P, (Zl X) dé dua vé mién
an roi tir dé truyén qua bg giai ma Pa(X|Z) dé sinh

ra dir liéu tdi taoX.

Variational Autoencoder [8], hay goi
tat 1a VAE, 1a mét loai mang noron nhan tao
duoc sur dung trong hoc may khong giam sat.
Dit liéu ban dau thong qua VAE s& dugc nén vé
mot mién dit liéu an (latent space) bang phuong
phap anh xa qua bd ma hoa (encoder) véi s6
chiéu nhé hon dit liéu géc. Sau d6, mot mang
noron giai ma (decoder) s€& anh xa tur latent
space vé mién dir liéu ban dau, cu thé nguyén
Iy hoat dong cua VAE duoc thé hién qua Hinh
1. Uu diém cta md hinh neural network nay 1a
latent dugc nén vé bicu dién nhé hon, nhung
van giit duoc cac dic tinh quan trong cua dir
liéu gdc. Ngoai ra, ta co thé quyét dinh phan
phdi ma latent sinh ra nho Kullback-Leibler
(KL) divergence [10].

Déi voi mién dir liéu rung dong khong
¢6 quéa nhiéu sy khac biét giira dit liéu hu hong
va dir liéu nguyén ven. Do do, trong nghién
cuu nay, chung toi st dung dit li¢u ¢ trang thai
ban dau ctia dam (khong bi hur hong) dé trich
xuat latent dudi dang mot phan phdi chuan

N ~ (g, 06%) nhu da néu trén Hinh 1. Céc
diém trong mién 4n & trang thai hu hong sé&

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

D @@Ila() = Y p@) log(pg ;) 0

xEx

Véi x 1a dit liéu ban dau, p(x) va q(x)
1a hai phan phdi do encoder va decoder tao ra.
Nhu vy, ham mat mat cudi ciing ciia VAE trinh
bay ¢ cong thuc (2).

Lyap = ﬂ“x*fH

)
+ ExDi (p(2]0)||p(2))
Véi x, % 1an luot 1a dir lidu gbc va dir
liéu khoi phuc, p(z\x) 1a phan phdi cua latent
sinh ra tir dir liéu goc boi encoder va p(2) la

phan phdi cia latent ma ta mong mudn tro
thanh.

3. THi NGHIEM

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

Hinh 2. M6 hinh thi nghiém dam.
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Duéi tac dung cua tai trong, chi tiét dam
s€ bi pha huy sau mdt so chu ky nhat dinh.

Tuy nhién, néu dé ddm méi mot cach
tu nhién (khong tac dong thém) trong qua trinh
mé phong hoat dong thi s& can rat nhiéu thoi
gian dé dam tién dén trang thai nay. Do d6, dim
s& duge cit ban dau dé tao nén ung sudt tap
trung tai mot vi tri cu thé dé giup dam phat trién
vét nut té vi do, tir d6 c6 thé md phong duoc
qué trinh hu hong ctia dam.

Vi tri cét 1a tai vi tri % cua dam, dam
s& duoc rung lién tuc va ctr cach mdi phut sé
ldy mau mot lan. Dam sé& lay véi 10 muc d6 hu
hong, img véi mi mirc d6 thi chiéu dai vét cat
s& tang thém 2mm. Giira cdc mau déu co thoi
gian nghi vi khi hoat dong, dong co noéng sinh
nhiét anh huong dén két qua do. Cac mau thi
nghiém phai dugc danh sé thir tuy va thoi gian
va diéu kién lay mau.

Hinh 3. Tao vét cat kich thich i héng cho dam.
4. KET QUA VA THAO LUAN

Qua qué trinh xir 1y tin hiéu thu duoc sb
lugng tir cac kénh IMF thong qua qué trinh xu
1y bang VMD, cu thé VMD téi da 05 kénh IMF.
Dé tin hiéu dugc trich xuat mot cach hiéu qua,
cac IMF duoc danh gia thong qua hé sb tuong
quan gitra cac kénh vdéi tin hi¢u géc dugc thé
hién ¢ Bang 1.

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

IMF | 1 2 3 4 5
Dal‘m 0.023 | 0.035 | 0.042 | 0.108 | 0.996
Dam

5 00120029 | 0.028 | 0.106 | 0.998
D‘;‘m 0.043 | 0.061 | 0.088 | 0.069 | 0.993
Djm 0.045 | 0.070 | 0.177 | 0.098 | 0.980

Nhimng kénh c6 hé sd twong quan 16n
hon gia tri 0,1 s& duoc chon dé xir ly. Cac thanh
phan dao dong cudng bic mang dic tinh cia
dao dong cudng birc, néu co su thay doi bat ky
nao thi bién do ctia cac thanh phan nay ciing s&
thay ddi. Do d6, sau khi chon duoc cac kénh
IMF chu dao thi str dung bién dd tuc thoi cua
chung dé 1am thong s6 dau vao cho qué trinh
chan doan hu hong bang VAE.

Hinh 4. Biéu dién latent space trich xudt tir dam
nguyén ven va hi hong diege thé hién qua phép
PCA. Cdc diém mau xanh luc va xanh dwong thé
hién dam trong trang thdi hoat dong binh thuwong
& tdp hudn luyén va tap kiém chitng, cdc diém mau
do biéu thi dam bi hw héng trong tap kiém chirng.
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Sau khi xtr 1y tin hiéu, ta trich xuat biéu
dién latent cia mo hinh di dugc huin luyén.
Céc dac trung trich xuét duge 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 chung té rang encoder cua VAE co
kha nang 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 ciia md hinh
duogc the hién ¢ bang (2).

Bang 2. Két qua dir dodn huw hong trén dam.

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

Trong nghién cuu nay, ching t6i gidi
thiéu phuong phap VAE dé nhan biét hu hong
thong qua dit liéu rung dong. Két qua chi ra
rang VAE c6 hiéu qua trong viéc trich xut
nhitng déc tinh cua h¢ dam. Latent sinh ra tir
encoder c6 thé phan bi¢t dugc mdt cach 1o rang
thong qua biéu dién ctia né trén do thi phan
phéi. N6 ciing 1am ndi bat tam quan trong cta
céc dic trung an trong VAE ndi riéng va mo
hinh generative deep learning n6i chung.
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