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BE XUAT PHUGNG PHAP KHU NHIEU TIN HIEU RUNG
PHUC VU CHO VIEC CHAN DOAN LOI CUA DONG CO

PROPOSING A METHOD TO ELIMINATE SIGNAL NOISE OF VIBRATION FOR ENGINE FAULT DIAGNOSIS
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TOM TAT

Trong nhitng ndm gan day, hoc sau (DL) da tré thanh chia khda thanh cong
trong nhiéu nganh san xuat. Chan doén I6i dong co dua trén dit liéu rung dong la
mot trong nhiing tng dung hoc sau trong md hinh san xuat hién dai. Do di liéu
rung dong rdt nhay cdm véi mt s6 tin hiéu nhiéu. Cac chuyén dong khong can
thiét c6 thé cd tac ddng tiéu cuc dén dau vao thdng tin cia cdm bién gia téc. Do
la Iy do tai sao khf nhiéu cla tin hiéu rung dugc xem la giai doan quan trong dau
tién dé chan dodn 16i dong co. Trong bai bao nay, mot phuong phap méi dya trén
bién ddi Fast Fourier Transform (FFT) va phan cum K-mean lan déu tién duoc dé
Xudt dé cai thién hiéu qua cia chdn doan 16i ddng co. Sau d6, mang noron CNN
duoc ap dung dé phan loai cic 16i cia dong co. DE xac nhan hiéu qua cda phuong
phap dugc dé xuat, bo di liéu ma ngudn mé Case Western Reserve University
(CWRU) duoc st dung dé chay thuc nghiém. Cac két qua thir nghiém khéng dinh
nhitng uu diém ca phuong phap dé xudt trong viéc hd trg chan dodn 16i cho
ddng co khi so sanh véi cdc phuong phép hién cd khdc.

Tir khéa: Giam tin hiéu, tin hiéu rung déng, hoc sdu, mang no-ron, chdn dodn
16i ddng co.

ABSTRACT

Deep Learning (DL) has lately emerged as the secret to success in the
industrial sector. A current trend in the scientific community is the identification
of motor defects based on vibration data, one of the deep learning applications
in the contemporary manufacturing model. As a result of the vibration data's
great sensitivity to various disturbances. The information input for the
acceleration sensor may be negatively impacted by background movements that
are unneeded. For this reason, cleansing vibration signals may be thought of as
the initial step in diagnosing a bearing machine's issue. In order to enhance the
effectiveness of the motor defect detection, a new denoising approach based on
Fast Fourier Transform (FFT) and K-means clustering is first suggested in this
study. In this paper, a new denoising method based on Fast Fourier Transform
(FFT) and K-means clustering is firstly proposed to improve the performance of
the motor fault diagnosis. Convolutional Neural Network (CNN) is then applied to
classify the motor faults. To validate the performance of the proposed approach,
the open-source Case Western Reserve University ((WRU) data-set is considered.
The experimental results confirm the advantages of the proposed denoising
method when compared to the other existing methods.

Keywords: Signal denoising, vibration signal, deep learning, convolutional
neural network, motor fault diagnosis.
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1. GIGI THIEU

Trong nhiéu linh vuc san xuat, su c8 thiét bi ¢ thé dan
dén tén that loi nhuan dang ké hoac tham chi gay nguy
hiém dén tinh mang ca nhan vién. Do d6, mot ca s danh
gia stic khde cla thiét bi 1a rat quan trong dé dua ra cac lua
chon ké& hoach bao tri t6t nhat. Hoc may da dugc sir dung
va phat trién rdng rai trd thanh mot cong cu manh mé dé
chan doan may méc, dac biét 1a phan loai 16i déng co dua
trén di liéu rung dong, do su phat trién cda giam sat ky
thuat va dir liéu. That vay, mét s6 ky thuat hoc may nhu
Support Vector Machine (SVM) [1], Decision Trees (DT) [2],
K-nearest neighbors algorithm (KNN) [3], Principal
Component Analysis (PCA) [4],.. da thanh céng 4p dung
cho cac van dé chan doan khac nhau. Tuy nhién, ching
thudng dugc dp dung trong trudng hgp tap di liéu thuan
tdy ma khong xem xét cac nhiéu hién co. Hiéu qua cla cac
phuang phap nay kha han ché. D& khic phuc su ¢6 chin
doén déng co véi di liéu nhiéu, trude tién chung toi dé
xudt mot phuong phap khit nhiéu mdi la su két hgp cla
phép bién d6i fast Fourier transform and the K-means
clustering, d€ lam sai léch d& liéeu. Mang noron
Convolutional Neural Network (CNN) [5] sau d6 la dugc su
dung dé phan loai cac 16i déng co. Trong cac phan tiép
theo clia bai bao, ching téi sé trinh bay chi tiét hon vé cac
phuong phap khir nhiéu (phan 2), phuong phap lam giam
nhiéu clia chiing t6i dugc trinh bay trong phéan 3. Mé hinh
CNN du doan 16i ctia ddng ca dugc trinh bay trong phan 4.
Cuéi cung, danh gia hiéu qua cta moé hinh dugc thuc
nghiém trén nguén di liéu m& Case Western Reserve
University (CWRU).

2. CAC PHUONG PHAP KHU NHIEU HIEN CcO

Trong phan nay, ching téi sé trinh bay chi tiét hon cac
phuong phéap kha nhiéu hién co:
2.1. Bién déi Wavelet

Bién d6i Wavelet [6] |a mot ky thuat dé phan tich mién
tan sé thai gian. DGi véi cac loai phuong phéap khit nhiéu
khac nhau dua trén bién déi Wavelet, mét ngudng mém da
dugc xac dinh cho cac Ung dung cu thé dé loai bd cac
nhiéu hién co6 trong di liéu. Tén tai mot s6 phuang phap
bién thé dua trén bién d6i Wavelet, vi du nhu ngudng c6
dinh, nguéng phu thuéc muc, nguéng mém va cung [7].
Trong bai bdo nay, thuat todn ngudng ciing sé dugc so
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sanh vaGi phuang phap khi nhiéu dugc dé xuat cta ching
téi. Theo phuong phéap nay, ngudng cing dugc c6 dinh
nhu sau:

1, Néux=>T
(xm(x)={ 0, Neux<T ()
Tu phuong trinh trén, c6 thé thu dugc moét dai tan mai
N-1
%= pr(Xs[m]) gm @
m=0
Véi

X, Néux=>T
0, Néux<T ®)
2.2. Phan ra gia tri don 1é (Singular Value Decomposition)

Phan ra gia tri don [é (SVD) [8] la mét phuong phap
nhan tao dé thiét [ap d{t liéu chiéu thap thanh xap xi dit liéu
chiéu cao theo cac mau phé bién. SVD xay dung mét hinh
anh truc quan kién tric mai ctia dir liéu theo mién géc. Viéc
giam kich thudc clia n6 da tao ra mét sé Ung dung tuyét
vgi. Trong nghién ctu nay, chung t6i kiém tra khd nang
gidm nhiéu ctia SVD bang céach st dung ngudng cho cac
gia tri ky di trong cac ma tran thanh phan. Mot cach tuyét
vai dé thoat khéi nhiéu cang nhiéu cang tét da dugc thao
ludn trong bai bdo [8]. Phuong phap ngudng cing, giai
phéng thi hang thap han trong thanh phan phan ra gia tri
don 1é ctia ma tran di liéu Y, chon udc lugng tét nhat cla
thd hang r. Hai trudng hop dugc dua vao phuong phap
ngudng cung, tuy thudc vao d6 dai ctia tung thd nguyén
cla dir liéu ma tran déi véi Y. Vi du, cdng thiic cho ma tran
n-by-n va ma tran m-by-n c6 thé dugc st dung dé xac dinh
mot thd hang r thich hop dé cét bét gia tri ky di. TU thu
hang hop ly r nay, tin hiéu dau vao c6 ngudng thap dai dién
cho tin hiéu nhié sé& dugc di chuyén. Mat khac, tin hiéu
chinh van con.

2.3. Savitzky-Golay filter

Nhiéu tan s6 cao c6 thé dugc gidm mot cach hiéu qua
bang cach st dung [9], nhung nhiéu van gilt nguyén dang
ban dau ctia n6. Nguyén tac co ban cla cach ti€p can nay la
dé phu hgp ting diém ctia moét hinh vudng nhé nhat véi
mot tap hop cac da thic bac cao trén mét clia s6 co kich
thudc 1é tap trung tai diém dé. Pudng trung binh déng lan
dau tién dugc st dung dé 8n dinh di liéu that thudng.
Trong qua trinh nay, mét sé diém nhat dinh phai dugc can
chinh trén toa d6 ctia chiing dé c6 dugc toa doé trung binh.
Thi hai, y tudng vé phép toan tich chap roi rac dugc dua
vao thuc té. Han ché chinh ctia cac phuong phap tiép can
hién tai 1a can phai cdu hinh ngudng theo cach thi cong
cho tung Uing dung riéng lé.

Do d6, ching t6i dé xuat mot phuong phap lam giam
tin hiéu nhiéu mai dua trén FFT va K-means, sé dugc mo ta
trong phan sau, dé tu déng chon nguéng va nang cao hiéu
qua cua cac phuong phap lam gidm.

3. FAST FOURIER TRANSFORM (FFT)

Y tudng clia FFT [10] 13 t6i uu héa cai dat hé sé va do do
gidm thdi gian tinh toan khi so sanh vai Bién déi Fourier rdi

pr = () +x = {
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rac (DFT). That vay, thuat toan FFT dua trén cac phuaong
trinh sau:

N-1

Forward Xg(k) = Z x(n)wl]f]“,k =0,1..,.N—-1 4
n=0
1 N-1

Inverse x(n) = NZ XF(k)wﬁk“,k =0,1,..,N—1(5
n=0

Trong d6, N la sé lugng mau di liéu; x (n) la mét day
mau c6 khoang cach déu nhau, Xg la tdp hop cac sé phic
trong cing moét day s6 c6 do dai giéng nhau clia mau cach
déu nhau, wk" 1a can thir N clia cac hé s6 DFT tha k. Noi
cach khac, wk™ 1a mét tap hop thi k théng nhat wy

Wy, = exp (%2“) ©6)

4. PHUONG KHAP KHU NHIEU PUQC DE XUAT DUA
TREN FFT VA K-MEANS (DFK)

Quy trinh kh{t nhiéu bao gém bén budc chinh. Dau tién,
mdi mau di liéu dau vao dugc FFT dado ngugc vé phia
trudc. Tin hiéu dugc chuyén ddi bay git 1a mét tap hgp cac
s6 thuc. Ti€p theo, phé tan s§ dugc tinh toan dé dang tu
tap hop s6 thuc trudc dé. Tiép theo, ti phé tan sé thu dugc,
nhiéu va tin hiéu tinh khiét can dugc phan biét dua trén
bién d6 cda ching. Mot nguéng sé dudc chon ra dé tach
biét 2 loai bién dé dai dién cho tin hiéu dac trung va nhiéu.
Trong bai bdo nay, phan cum K-mean da dugc chon dé
déng vai trd clia ngudng nay dé tach phd tan sé thanh hai
I6p (K = 2). M6t I6p dai dién cho tin hiéu nhiéu va l6p kia
dai dién cho tin hiéu thuan tdy. G budc cudi cung, tin hiéu
dac trung (thudn tdy) thu dugc bang cach chuyén ddi lai tu
phé tan s6 sang tan s bang Inverse Fourier (IFFT).

Dé& biét thém chi tiét, hay I1dy mét vi du trong dé dit liéu
f(x) dugc tao ra dudi dang két hgp cda tin hiéu tinh khiét
g(x) va nhiéu trdng Gaussian N.

f(x) =g +N ()
= sin2nf;t + sin2nf,t + N (8
V6i, f, = 60 (Hz) va f, = 100 (Hz).
Pau tién, f(x) dugc FFT chuyén d8i thanh F(x) theo
phuang trinh 4. Bang dinh nghia [11], phd cong suét P(x)
dugc tinh toan dé dang dua trén F(x):

P(x) = ([F)|?) €)]

R4 rang la bién d6 cla tin hiéu thuan tay va nhiéu c6 do
I6n khac nhau déang ké. Do dé, tin hiéu thuan tdy va nhiéu
c6 thé dugc tu dong phan tach bang K-means vdi K dugc
dat thanh 2 16p (hinh 1).

Mot I6p (mau cam) dai dién cho phd cong suat cla tin
hiéu tinh khiét va I1&p con lai (mau xanh lam) dai dién cho
phé tan s6 cla nhiéu. Cudi cung, F; cla I6p dau tién vdi
bién dé cao dugc chuyén trd lai tin hiéu ban dau bang Bién
déi Inverse Fourier (IFFT) eq.5. Can luu y rang cac phuong
phap phan cum khac cé thé dugc st dung thay cho
K-means. Ngoai ra, vi du nay tuong déi don gian, uu diém
cla K-means sé dugc chiing minh ré rang hon trong phan
ti€p theo vai mét tap dir liéu thuc.
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The K-means clustering threshold

350

250
200
150

100

o Nukdablosuamidihadded i bbbl Bl il

0 200 400 600 800 1060

Hinh 1. K-means clustering d€ tach tin hiéu thuan tuy va nhiéu
5. CHAN POAN PONG CO BANG DFK VA CNN

Trong phan nay, phuong phap dé xuat DFK cla ching
t6i dugc ap dung dé gidm nhiéu trong tap diar liéu CWRU.
Mang lugi than kinh két hgp (CNN), mot mé hinh ANN
manh mé cho van dé phan loai, dugc sir dung dé phan loai
cac 16i déng co khac nhau dua trén di liéu bi nhiéu.
5.1.Dit liéu

Tap di lieu CWRU la moét tap di liéu ¢6 sdn ma nguén
ma [12]. D{t liéu dugc thu thap vé cac 8 truc théng thudng,
8 truc diém don (DE) va 16i & dau quat (FE). Mot déng co
cdm Ung dién Reliance 2 ma luc, moét bd chuyén déi mo-
men xodn, mot luc ké va thiét bi dién tir diéu khién, khong
dugc hién thi trong hinh tao nén vong bi thiét 1ap gian thur
nghiém da dugc st dung dé thu thap tap da liéu CWRU.
Truc d6ng co dugc hd trg béi cac 6 truc thi nghiém. Théng
qua mot hé théng diéu khién dién tir va déng co, mé-men
x03n dugc cung cap cho truc. Méi 6 truc bi 16i 1a dugc khoi
phuc trén gian thi nghiém sau khi cac 16i dugc tao ra trén
REBs, IR va OR. Cac vong bi thi nghiém dugc gia cong
phong dién dé tao ra cac khuyét tat diém don 1é véi kich
thudc 16i la 7, 14, 21, 28 va 40 mils. 0,001 inch tueng duang
vGi mét triéu DSi vai cac 16i 7, 14 va 21 triéu, vong bi SKF
dugc st dung, trong khi cac vong bi tuong duong NTN
dugc sir dung cho céac 16i 28 triéu va 40 triéu. Ngoai trur
vong bi bi 16i cla bén trong c6é dudng kinh 0,028 inch, vong
bi bi 16i & bén ngoai c6 dudng kinh 0,040 inch, va 16i 6 bi c6
dudng kinh 0,028 inch, tat cd cac 6 truc c6 d6 sau 16i la
0,011 inch. C& & truc 16i bén trong 0,028 inch va vong bi 16i
dudng dua bén ngoai 0,040 inch déu c6 do6 sau 16i la 0,050
inch. Ngoai ra, theo [13], d6 sau cda 16i 6 bi dudng kinh
0,028 inch 1a 0,150 inch.

DE& xac nhan mé hinh cda chung téi, dit liéu 16i dudng
kinh 7 va 21 mils sé dugc sif dung trong bai bdo nay. Tap d
liéu thir nghiém dugc chia thanh hai boé dé€ phuc vu cho
cdng viéc dao tao va xac nhan. Phan tram dit liéu dao tao la
75% va phan tram di liéu xac nhan la 25%. Mb6i mau dugc
¢t thanh cac mau nhé bang nhau, d6 dai ciia m6i mau nho
la 200.

5.2. Théng sé ctia CNN

M6 hinh CNN dé xudt trong [14] dugc st dung trong thit
nghiém nay. Qué trinh dao tao sé &n dinh hon va gidm
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nguy cd sai sot di liéu. B&i vi 16i trung binh binh phuong
(MSE) [15] d6ng vai tro ctia ham loss function d6i véi mé
hinh cta chung t6i. Hon nira, Adam optimizer da dugc su
dung dé céi thién diém sé chinh xac va tang toc thai gian
dao tao. Mbi lugt dugc huan luyén 100 vong, c6 vé nhu day
la mét cudce chay dua véi thai gian dé c6 dugc su két hop
phu hop nhat gita cac phueng phap khi nhiéu va mé hinh
CNN nay cho tap di liéu CWRW. Cac phuong phap khi
nhiéu thuc nghiém da dugc trinh bay trong phan 3. Dé
danh gia hiéu qua ctia két qua trong méi lan ldp va lan lap
cudi cung. Theo bai bao [16], Accuracy, Precision, Recall, F1
score dugc thuc hién dé danh gid hiéu qud cha tung
phucng phap. D& dadm bao kha ning gidam thiéu ctia moi
phuong phép, hiéu qua ctia méi phuong phap dugc danh
gia dua trén cac chi s S/N. Y tudng chinh vé chi s6 S/N
dugc lay tir bai bao [17]. Gia tri S/N cang thap thi nhiéu
cang dugc giam dugc nhiéu.
Bang 1. Bang so sach cac phuang phap khi nhiéu

Phuong phap x( nhiéu SIN

SVD 20,62
Wavelet 20,6
Savitzky-Golay 20,51
DFK 17,2

Bang 1 cho thay kha nang ctia DFK tot hon nhiéu so véi
nhiing ngudi khac. Dac biét, diéu nay ré rang hon khi DFK
dugc thir nghiém trén tap dir liéu CWRU. Vi tin hiéu thu vao
trong loai data nay cuc ky bi anh hudng bagi nhiéu tir cac bod
phan déng co khac.

CNN+DFK CNN+Savitzky Golay
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CNN+SVD CNN+Wavelet
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Hinh 2. Accuracy score ctia tiing su két hgp trén dif liéu véi dudng kinh co
ban [a 21 mils

DPé tim ra ciu hinh t6t nhat dé xu ly tap da liéu CWRU,
méi loai khit nhiéu lan lugc dugc két hgp véi méd hinh CNN.
Do d6, su két hgp tét nhat sé dugc tim ra ti so sanh ching
mot cach rd rang nhat. D€ c6 dugc cai nhin téng thé, hiéu
qua cua tiing két hgp dugc danh gia Accuracy score.

D liéu vé 16i dudng kinh 21 mils lan dau tién dugc su
dung va két qua thu dugc dugc thé hién trong hinh 2. Theo
hinh nay, diém dé chinh xac ctia mé hinh trong suét cac
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vong l3p khéng dugc 8n dinh trong moi trudng hop.
Nhung hiéu qua cta phuong phép DFK dugc xem la nhat
véi diém s6 chinh xac dao dong tir 86% dén 100%. Mt
khac, d6 chinh xac cia mé hinh CNN gidm xuéng 70% khi
dugc két hop véi phuong phap khir nhiéu Wavelet.

QN+DFK CNN+Savitzky Golay
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Hinh 3. Accuracy score clia timg su két hgp trén dif liéu véi dudng kinh co
ban Ia 7 mils

Chung téi cling kiém tra hiéu qua cla cac phuong phéap
khac nhau bang cach sir dung bo di liéu 16i dudng kinh 07
mils. K&t qua thu dugc dugc bao cdo trong hinh 3. Theo
hinh 3, tit cd cac phuong phap khi nhiéu déu cé diém
chinh xac cao, ti 80% dé&n 100%. Hon nita, biéu dé phia
trén bén trai cho thay hiéu qua I6n ctia phuong phap dé
xuat. Diém chinh xac da dat xap xi 100%. Diém chinh xac
trén tap di liéu xac thuc dat t6i 100% trong lan lap dau
tién. Tin hiéu thuan khiét va nhiéu da dugc tach biét tét
nha DFK. Tir d6, mé hinh CNN da thuc hién rat t6t cong viéc
hoc va du doan d liéu. Phuong phap DFK budéc mé hinh
CNN phai manh mé hon. R rang la mé hinh CNN da tan
dung dé xuat cta chung toi dé dat dugc diém chinh xac
cla th nghiém la 100% trong lan ldp cudi cung. So sanh
thanh tich clia chung t6i véi bai bao [18], DFK da gép phan
cai thién diém s6 chinh xac Accuracy cho CNN tu 93,88%
dén 100% so sanh véi cac phuong phéap khir nhiéu khac véi
cung mot théng sé cai dat mac dinh.
6. KET LUAN

Trong bai bdo nay, ching t6i dé xudt mot phuong phap
kh(r nhiéu mai DFK. DFK va CNN sau d6 dugc st dung dé
chén doén 16i dong co. M6 hinh dé xuat dugc thi nghiém
trén bd di lieu CWRU. Cac thi nghiém cho thdy rang
phuong phap dé xuat clia ching t6i hiéu qua hon nhiéu so
vGi cac phuong phap hién c6 vé kha nang khar nhiéu va gop
phan vao d6 chinh xac ctia mang than kinh du doan. Trong
tuong lai, cdc mdé hinh mang than kinh du doan cé thé
dugc phat trién dé cai thién dang ké ca thai gian hoc va dé
chinh xac cho van dé chin doan 16i déng co.
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