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Tém tit. Nghién ctru nay dé xuat mot phuong phap méi dé chan doan hu hong 6 lan trong d6 ching toi
sir dung phuong phap phan rd mé hinh thyc nghiém hoan toan (EEMD) két hop v&i phuong phap phan
tich gia tri riéng (SVD) va may véc to hd trg (SVM). Thém vao d6, cac tham sé cia SVM dugce lya chon
thong qua thuat toan téi vu hoa tim kiém ngugc (BSOA) dé tao thanh by phan 16p BSOA-SVM. Trudc
tién, tin hiéu dao dong gia toc cta 6 lan duoc phan ra thanh nhimg IMF (Intrinsic Mode Function) bing
phuong phap EEMD. Nhimg IMF nay duoc phan tich gia tri riéng dé tao thanh nhiing véc to dau vao cho
bd phén 16p SVM. Cubi dung, nhimg bd phan 16p BSOA-SVM duogc dung dé phén loai cic méau 6 lan 15i.
Két qua thuc nghiém cho thay phuong phap dé xuét c6 thé phan loai tinh trang hoat dong ctia 6 lin véi do
chinh xé4c cao va thoi gian thap khi so sanh véi cac phuong phap khac.

Tiur khéa. Phuong phap phéan tich gia tri riéng (SVD-Singular Value Decomposition), phuong phap phan
rd md hinh thyc nghiém hoan toan (EEMD-Ensemble Empirical Mode Decomposition), thudt toan tdi uu
hoa tim kiém nguoc (BSOA-Backtracking Search Optimization Algorithm), may véc to hd tro (SVM-
Support Vector Machine), b phan 16p mdy véc to hd tro dua trén thuat BSOA (BSOA-SVM).

APPLICATION OF EEMD-SVD TECHNIQUE BSOA-SVM METHOD TO
FAULT DIAGNOSIS FOR ROLLER BEARING

This study proposes a new method to diagnose roller bearing failure, in which we use EEMD (Ensemble
Empirical Mode Decomposition) method combined with the singular value decomposition method (SVD)
and support vector machine. (SVM). In addition, the parameters of SVM are selected through
Backtracking Search Optimization Algorithm to make BSOA-SVM clasifiers. First, the accelerator
vibartion signal is decomposed into IMF (Intrinsic Mode Function) by EEMD method. These IMFs are
analyzed separately to create input vectors for SVM classifiers. Finally, BSOA-SVM classifiers are used
to classify fault roller bearing patterns. Experimental results show that the proposed method can classify
the conditions of roller bearings with higher accuracy and lower time when compared with other methods.

1 PATVANDE

O lan 1a chi tiét tuwong tac gitra by phan ¢ dinh va bd phén quay ciia may vi thé 6 lan duoc str dung rong
rdi trong cac ung dung cong nghi¢p va trong cac phuong tién van tai. Trong qua trinh hoat dong nhiing
khuyét tat cia 6 ldn s& dan dén pha hong cta ca cum may hodc dan dén nhirng tai nan nghiém trong. Theo
thong ké, 30-40% hu hong ctia may moc xuét phét tir 6 1an bi khuyét tat vi thé chan doan hu hong 6 lan dé
kip thoi thay thé 1a rat quan trong [1]. Cac dang khuyét tat chinh ciia 6 lin bao gdm hur vong ngoai, hu
vong trong, hu bi. Nguyen nhan hu hong chinh c6 thé do 15i trong qua trmh san xut, hao mon tu nhién,
hao mon do thay dbi tai dot ngot Céc phu’o'ng phap chin doan khuyét tat 6 lan bao gdm truc quan, sir
dung dung cu do khoang he, kiém tra bang siéu am, kiém tra bang tin hiéu am thanh va chan do4n thong
qua tin hiéu dao dong tir 6 lan. Hai phuong phap dau tién cho d6 chinh xéac thap va do tin cdy khong cao.
Phuong phap kiém tra bang bang siéu 4m doi hoi kinh nghiém ctia k thuat vién khi so sanh song siéu 4m
thu duogc tir 6 lan voi song mau. Bén canh do, bé mat chi tiét kiém tra can phai dugc lau chui va can cac
khop ndi dé truyén ning luong séng siéu 4m tir vat kiém tra dén cac dau do. Phuong phép kiém tra bing
tin hiéu 4m thanh doi hoi thiét bi kiém tra phai dugc cach 4m nghiém ngit dé tranh nhiu 4m thanh, diéu
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nay kho ung dung trong co kh1 Phuong phap chan doan théng qua tin hiéu dao dong gia tdc thu thap tir
céc cam bién gin trén g01 dd 6 lan. Y nghia cta phu()’ng phap thu thap tin hi¢u nay dua trén sy thay doi
khéi luong clia cac chi tiét 1am mo dun dan hoi thay doi dan dén gia téc quay cuia cac bd phan 6 lan ciing
thay dbi.

Chén doan hu hong 6 lan thong qua tin hi¢u dao dong bao gém ba giai doan: thu thap dit li€u, trich Xudt
dic tinh va nhan dang hu hong. Trong d6 hai giai doan sau giir vai tro then chét. Trong qué trinh 6 lan
hoat dong khi c6 hu hong xay ra, cac tin hiéu dao dong cua 6 lan s& co cac dic tinh khong 6n dinh. Viéc
trich xuét thong tin dic tinh 15i tir cac tin hiéu dao dong khong 6n dinh 1a vin dé thach thic trong chan
doan hu hong 6 lan. Bén canh do, giai doan nhan dang hu hong ciing doi hoi d6 chinh xéac va thoi gian xir
ly. Céc nghién ctru trude van con mot s6 han ché vé do chinh xac phéan loai va thoi gian xir ly. Vi vay,
chan doan 15i ctia 6 ldn da dugc nghién ciru trong bai bao nay.

2  GIAIQUYET VAN BE

Phuong phép trich xut dic bao gdm phan i tin hiéu thanh cac tin hiéu thanh phan. Sau d6 cac tin hiéu
nay duoc trich xuét thanh cac ma tran véc to dic tinh. Cac phuong phap phéan i tin hiéu thuong dung nhu
bién d6i nhanh Fourier, phan rd mé hinh thuc nghiém (Empirial Mode Decomposition - EMD), phan ra
trung binh cuc bd (Local Mean Decomposition - LMD)[2], phan ra ty 1¢ dac tinh cuc bo (Local
Characteristic-scale Decomposition)[3]. Phuong phdap EMD va LCD cé khuyét diém 1a hién tuong tron
1an md hinh (mode mixing), theo d6 tin hiéu sau khi dwoc phan rd thanh cac tin hiéu thanh phan s& bao
gbm ca phan nhidu. Diéu nay 1am giam d6 chinh x4c phan loai budc nhan dang hu hong & giai doan ké
tiép ctia chan doan hu hong. Gan day Huang va cong sy da dé xuit phuong phap phan rd mé hinh thuc
nghiém hoan toan (Ensemble Empirical Mode Decomposition -EEMD) nham khéc phuc cac khuyét diém
cua phuong EMD [4].

Budc ké tiép ma trén dic tinh duoc dung 1am ma tran dau vao ciia bd phan loai nhu mang no ron nhan tao
[5] hodc may véc to hd trg (SVM) [6] dé nhan dang cac hu hong Uu diém ciia may véc to hd trg 50 véi
mang no ron nhan tao la kha nang tong quat cao véi sb lugng mau huén luyén nho Tuy nhién mubn bo
phan loai SVM hoat dong hi€u qua can phai Iya chon cac thong s6 toi wu C (tham sb phat) va o (thong sb
kernel). Thong thuong hai thong sé nay duoc lwa chon dua trén kinh nghiém cua ngudi dung. Trong cac
tai liéu [2, 7-9] cac thong s6 cia SVM duoc t6i wu boi cac thuat toan heuristic.

Trong bai béo nay ching toi st dung hai budc co ban 1a trich xuat dic tinh va nhan dang khuyét tat.
Trudc tién, nhitng tin hi¢u dao dong gia tc ctia nhimg 6 lin dugc phéan rd thanh nhitng IMF (Intrinsic
Mode Function) bang phuong phap EEMD. Budc thir hai, phuong phap phan tich gia tri riéng (SVD)
duogc dung dé trich chon nhitng IMF nay thanh cac véc to dic tinh va ding cac véc to nay lam véc to dau
vao cho bd phéan 16p SVM. Cudi dung, nhirng b phan 16p st dung thuat toan tbi wu hoa tim kiém nguoc
(Backtracking Search Optimization Algorithm- Support Vector Machine viét tit 1a BSOA-SVM) dugc
dung dé nhan dang cac mau 6 lin ¢ khuyét tat [10]. Két qua thuc nghiém cho thay phuong phép dé xuét
¢6 thé phan loai tinh trang hoat dong cuia 6 1an véi do chinh xac cao va thoi gian thip khi so sanh voi cac
phuong phap khac.

2.1  Trich xuit dic tinh

Trich xuat dic tinh 1a iy ra cac thong sé chinh cua tin hiéu dao dong. Trong bai bao nay chung toi sir
dung phuong phap EEMD két hop phén tich SVD ding dé trich xuat dic tinh.

2.1.1 Phwong phap EMD

Phuong phap EMD dugc phat trién tir gia thiét 1a bat ky mot tin hiéu phirc hgp déu bao gdm nhiéu IMF
[11] . Theo phwong phép nay, mdi tin hiéu déu cé thé phén tich thinh mot sé IMF va mot phan du r,,
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x(O) =30, e+ (1)
v6i p 1a s luong IMF, r, 1a phan du.
2.1.2 Phuong phap EEMD
Phuong phap EMD c6 khuyét diém 14 hién twong tron 1an mé hinh (mode mixing). Hién tuong ndy xay ra
khi phén ra tin hidu x(?) trong cong thirc (1) thanh cac thanh phan IMF. Mdi thanh phan IMF nay lai bao
gbm tin hi¢u thyc va thanh phan nhidu. Chinh thanh phan nhiéu trong mdi IMF lam giam d6 chinh xac
phan loai trong budc nhan dang khuyét tat.
Dé khic phuc didu nay phuong phap EEMD da dugc dé xuét trong nghién ctru [12] Y tu’orng co ban cua
phuong phap EEMD 1a cong vao nhiéu tring sé& tao ra toan bo khong gian tan sd-thoi gian dong nhét véi
céc thanh phan ciu thanh cia nhirng ty 18 khac nhau. S6 luong nhiéu thém vao va bién d6 nhiéu dua vao
kinh nghiém ciia nguoi dung. Chi tiét ciia phuong phap nay dugce mo ta trong tai liéu [12]. Phuong phép
EEMD bao gém céc budc sau:
(1) Khoi tao sb lugng M tin hiéu thém vao va bién do cua nhiéu tréng thém vao la m vé1 m=1.
(2) Thyc hién m 14n thir trén mdi tin hiéu duge thém vao nhidu trrflng. Cu thé:
(a) Thém vao tin hiéu khao sat mot chudi nhiéu tring véi bién do cho trude.
X (1) = x(t) + 1 (t) 2)
V6i n,(1) la chu01 nhiéu tring thém vao thir m, x(z) 1a tin hiéu khao sat, x,,(?) 14 tin hi¢u sau khi da thém
vao nhiéu tring cua lan thir thi m.
(b) Phan ra tin hiéu thanh N cac IMF bang cach ding phuong phap EMD di dwoc mé ta phia trén
Vi ¢; » 12 IMF thit i ctia lan thir thir m va N 1a s6 luong ctia IMF.
(c) Néu m<M thi thuc hién lai budc (a) v6i m=m+1. Lap lai budc (a) va (b) nhiéu lan vé6i nhiing
chudi nhiéu tring khac nhau ctia mdi lan thir.
(3) Tinh toan gia tri tin hiéu trung binh ¢, thém vao ciia M 1an thir cho mdi IMF
G =G)IM i Cim, i =12,..,N, v6i m=12,..,M 3)

(4) Mbi gia tri ¢, voii = 1,2, ..., N ciia mdi IMF chinh 1a cic IMF thu dugc cudi cing.

2.1.3. Phwong phap SVD
Phuong phap SVD la phuong phép phan rd mot ma tran thanh tich s6 ctia ba ma trén thanh phan. Y nghia
clia phuong phép nay 1a nhiam dwa ma tran 16n, phirc tap vé bai toan nhé hon.
= EAVT @)
VOi E = [eq,e5,€3,...,ey] € RVN ETE = 1,V = [v1,V,,V3, ..., 0,] € RMM VTV =], ARNM,
Trong do:
E, V"1 céc ma tran tryc giao cap m x r
A3 ma tran dudng chéo co cac gia tri suy bién A, > 1, >...> A =0
Nhiing gia tri A, 1a gia tri don cua ma tran X.
Sau d6 nhirng tin hiéu dao dong 6 lin dwgc phan ri thanh nhitng IMF boi thuat toan EEMD va duoc chia
thanh hai nhdm ma tran véc to dic tinh ban dau X va Y.

[imf1] imfyi

X = ”7'lf2|’Y: i7:nf1+2 (5)

imf] imf]+n

voiJ=n/2 (khinla s6 18), J= (n+ 1)/2 (khi n 1a sb chén). Nhiing dac tinh cua tin hi¢u dao dong ) lan x(2)
¢6 thé dugc trich xuat tir nhitng ma tran véc to dac tinh ban dau X va Y. Tt nhiing ma tran nay co thé thu
duogc cac gia tri don. Cac gia tri don nay dugc dung lam cac véc to dac trung cho hu hong 6 lan.

2.2 Nhin dang khuyét tat

Céc thong s6 chinh cua tin hiéu dao dong thu duoc tir bude trich xué)t dac tinh duoc dua vao bo phan loai
may véc to hd trg (SVM). Tuy nhién may véc to hd trg c¢6 khuyét diém 13 viéc Iya chon hai tham s6 C va
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o doi hoi kinh nghiém ctia nguoi ding. Trong bai bio ndy chung t6i sir dung thuat toan BSOA dé téi uu
hai thong sé trén.
2.2.1. May véc to hd trg , ) ,
SVM la ky thuat hoc may manh dya trén 1y thuyét hoc thong ké. Pay 1a phuong phap hoc c6 giam sat. Y
tudng co ban cia SVM 1a anh xa nhitng mau huén luyén tir khong gian dau vao sang mot khong gian dic
tinh ¢6 sb chidu cao hon bang cach sir dung mot ham anh xa ¢ [9]. Gia thiét rang cho trudc mot tdp mau
hudn luyén G = {x;,y;}, i = 1,2,...,1}, v6i mdi mau thuoc mot 16p y € {+1,—1} va dit liéu huin luyén
phi tuyén khong thé phan chia trong khong gian dic tinh, ham muc tiéu c6 thé duoc biéu dién nhu sau
[13]:
{minimize o(w) = %(w. wy+CY & ©6)
s.t yi(w.e)+b)=1-¢, 20, i={12..0 )
voi @ 1a véc to phap tuyen cua si€u mat; C la tham so; b 1a d¢ 1éch va 1a mot vo hudng; & 1a nhitng bién
bu khong am; ¢(x) 1a ham anh xa.
Pua vio nhitng nhan tir Lagrange o; = 0, bai toan tdi uu c6 thé dugc viét lai nhu sau:
max L(w,b,a) =Yl a; - %Z%,j:l a; ;Y yiK (x;, x;) (7
st Y,y =0, 0<a;<C, i=12,..,1
voi K (x;, x;) 1a ham kernel.
Ham quyét dinh siéu phang tdi uu (hyperplan) cé thé thu duoc theo [9]
f(x) = sgn[Xi- aiyiK (x, x;) + b] (®)

Ham kernel thuong ding trong SVM 1a ham RBF (radial basis function), duoc biéu dién trong cong
thirc sau [13, 14]
K (x,x;) = exp(=|lx — x;l|?/20?%) ©)

véi ola thong so kernel.

Théng s6 C trong cong thirc (6) va o trong cong thirc (9) dugce chon lya bang thuat toan t6i wu hoa tim
kiém ngugc BSOA.

2.2.2. Thuit toan toi wu héa tim kiém ngwoc (BSOA)

Thuat todn BSOA 1a mét thuat toan tim kiém thich (g bao gdm ba toan tir di truyén co ban bao gdm dot
bién, lai ghép va luya chon dé tao ra nhirng cé thé thir. Thuat toan BSOA bao gdm sau budc nhu sau [10]:
(/) Pinh nghia bai toan va nhitng thong sb cuia thuat toan; (if) Khoi tao; (iii) Lya chon-I; (iv) Lai ghép va
d6t bién; (v) Lya chon-II; (vi) Két thiic. Tién trinh cta thuét toan BSOA duoc biéu dién nhu trong Hinh 1.

Dinh nghia bai toan va cac thong s0 ctia thuét toan
Cuec tieu ham f(x) (10)

saocho x; € D; = [l;,w;],i=1,2,....M
Trong cong thirc trén, f{x) 1a mot ham muc tiéu (fitness function); X =(x,,x,, ....xy) 1a véc to cac bién doc
lap; M 1a sb luong bién doc 1ap; D; [; va u; 1an luot 1a ving chira gia tri kha thi, bién dudi va bién trén cua
bién doc lap thu i.
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Khéi tao

v

—P Lwa chon -1

v

Thé hé cla quan thé thir
- Dot bién
- Lai ghép

Y

Lwa chon - 11

C6 thoa diéu kién
dirng?

Co

Két thic

Hinh 1. So dd khéi cua thuat toan BSOA.

2.2.2. T6i wu héa thong sé6 SVM bing thuit toin BSOA

Do chinh xac phan loai dugc quyét dinh bai sy lwa chon cac thong sb tdi wu ctia SVM. Nhitng thong sb

ham kernel Gaussian bao gdm mot nhén té phat C va thong s6 kernel . Viéc lya chon nhiing thong sb

SVM khong phai 1a cong viéc dé dang. Thong thudng, C va o duoc lya chon dya trén kinh nghiém vi thé

dan dén nhitng két qua phén loai khong t&i wu. Trong bai bao nay thuat toan BSOA dugc ding dé tbi wu

C va 0. Ham muc tiéu 12 13i kiém tra cia SVM. Ldi kiém tra cia SVM dugc biéu dién nhu sau:
G(x)=LKTsyu(x) (11)

trong d6 G(x) ham muc tiéu , LK sy 12 16i kiém tra va x = {C, o}
Trong cong thure (11) 16i kiém tra cua SVM duogc dinh nghia:

LKTsy, =S6 lwong mdu sai trong nhitng mau kiém tra/Tong sé ciia mau trong tdp kiém tra (12)

Mb hinh BSOA-SVM bao gdm bén budc, dugc biéu didn nhu Hinh 2: (/) Khéi tao nhiing gia tri C va
o; (if) Huan luyén nhimg tap dir liéu miu véi nhing gia tri C va o dugc tao ra. (iii) Tinh toan ham muc
tidu; (iv) Lap lai vong lap cho dén khi dat dwoc diéu kién dimg.
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BSOA -

v

Thong s6SVM: C, o

Tap mau +
huin  —®» Huin luyén mo hinh SVM

luyén +

Tinh toan ham muc tiéu

C6 thoa diéu kién dimg ?

Co

Thu dugc céc thong sb SVM tdi uu

Hinh 2. So dd thuét toan BSOA-SVM.

3 THUC NGHIEM

So db giai thuat ciia phuong phap chan doan trong bai bio nay duoc minh hoa trong Hinh 3. Cac budc
tién hanh thuc nghiém nhu sau:

(1) Dung bo do gia téc dao dong, 14y mau N lan tai mot tan sd 1ay mau ¢ dinh du6i nhitng diéu kién lam
viéc nhu diéu kién binh thuong, hu vong ngoai, hur vong trong. Tét ca nhitng mau tin hi¢u dao dong dugc
chia thanh hai nhém gdm nhém miu huan luyén va kiém tra.

(2) Mdi tin hiéu mau dugc phén ra béi phuong phap EEMD va thu dugc chudi cac IMF. S6 lugng tin hi¢u
thém vao 1a 500 va bién do nhiéu tréng 1a 0.2 dua trén tai liéu [4].

(3) Tao ma tran véc to dac tinh dau vao A cho mdi tin hiéu dao dong 6 1an coa mdi tinh trang lam viéc

[IM Fl]
|IMF, |
LimE ]
v6i J 1a s6 lugng IMF ) .
(4) Thu dugc cac gia tri riéng A cua ma trén dac tinh dau vao A bang cach sir dung ky phuong phap SVD.
A=A, 4] (14)

voi
M= 2.2 A;>0

J 14 s0 lugng cac gia tri riéng.

(5) Thiét ké bo phan 16p BSOA-SVM va nhan dang hu hong cua 6 lan.
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BSOA [

Y

Céac thong sbcuaSVM: C, o

'

> Tag da h?u ——» Huan luyén md hinh SVM
huan luyén

Céc tin hiéu dao dong 6 lan

Phén ra thanh cac IMF bang +
phuong phap EEMD

Tinh toan gia tri ham muc tiéu

Khong

Phan tich cac IMF thanh ma tran
véc to riéng boi phuong phap
SVD

Kiém tra diéu kién dimg ?

Thu dugc céc thong sb SVM i uu

Y

Ly Tapdulitu L gt gy ohan loai BSOA-SVM

kiém tra

Xac dinh 13i hur hong 6 lan

Hinh 3. So d thuét toan EEMD-SVD va BSOA-SVM.

3.1. Thu thap dit ligu

Dir liéu dugc thu thap tir trang web cua trung tam dir li¢u 6 1an thudc DPai hoc Case Western Reserve dudi
su cho phép cua gido su K. A. Loparo [15]. Cach b tri bang thir dugc thyc hién hu Hinh 4. Cac 6 lin
dugc tao hu hong bang cach cét céc ranh c6 do sau tir 0.007 dén 0.004 inch theo chiéu huéng kinh dé tao
ra ba nhom hu hong bao gdm hu: vong trong, hu vong ngoai va hu bi. Tan sb 1ay mau & 243938 Hetz tai
tbc do 1796 vong/ phut. Loai 6 lan duoc st dung 1a SKF ma 6205-2RS JEM Bon nhom 6 lan (hu vong
trong, hur vong ngoai, hu bi va binh thuong) dugc thu thap dit liéu v6i mdi tinh trang 1a 110 mau. Chon
ngiu nhién ra hai phan ba mau tin hiéu dé hun luyén va mot phan ba dé kiém tra.

3.2. Ung dung

Mdi bd SVM chi phan 16p dugc hai tinh trang 6 1an do vay chung t6i sir dung 3 bd BSOA-SVM dé nhéan
dang 4 tinh trang ctia 6 lan nhu Hinh 5. B6 BSOA-SVM, ding dé nhan dang 6 lan hu vong trong (nhﬁn la
(+1)) va cac tmh trang con la1 (nhan 13 (-1)). Sau 1an phan loai thir nhat s6 mau con lai 1a 330 mau do da
tach ra 110 miu ctia nhom 6 ldn hu vong trong. Phan con lai dugc dua qua b BSOA-SVM, dé nhan dang
6 lan hu vong ngoai (nhan 1a (+1)) va tinh trang con lai (nhan la (-1)). Sau lan phan loai thtr hai s6 miu
con lai 1a 220 miu. Cudi ciing bd BSOA-SVM; s& nhan dang 6 lan hu bi (nhan 1 (+1)) va phan con lai la
6 lan binh thudng (nhin 14 (-1)). So dd nguyén 1y hoat dong ctia bd phan loai BSOA-SVM duoc trinh bay
trong Hinh 5.
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4 KET QUA VA THAO LUAN

Béang 1 trinh bay chi tiét két qua phan loai tinh trang 6 lan bang phuong phap EEMD-SVD va BSOA-
SVM. Tinh trang cta 6 lan duoc chia 1am 4 loai, 1an luot 14 hu vong trong, hu vong ng0a1 hu bi va binh
thuong. Gia tri trong Bang 1 1a gia tri trung binh cua 30 lan chay thuat toan t6i wu. Két qua cho thiy tin
hiéu dao dong ciia 6 lan sau khi duoc phan ra thanh timg IMF két hop véi trich chon cac thong sé bai mo
hinh SVD di tao gia tri diu vao t6t cho bo phan 16p SVM. Thém vao d6, bd phan 16p SVM véi cac thong
s6 da dugc toi wu boi thudt toan BSOA da phan loai cic mau kiém tra thanh timg nhom riéng biét. Dé
thdy rd sy khac biét cia phuong phap dé xuit, ching toi ciing dong thoi thiét ké bo phan 16p GA-SVM
(sir dung thuat toan di truyén) va PSO-SVM (sir dung thuét toan bay dan) lam cac ddi twong so sanh.
Bang 2 thé hién két qua phan 10'p trén tap kiém tra ciia cac phuong phap duoc sir dung. Theo do két qua &
Bang 2 cho thiy phuong phép dé xuét cho két qua phan loai cao hon cing v&i thoi gian ngin hon so véi
cac phuong phap nhu EEMD-SVD-GA-SVM va EEMD-SVD-PSO-SVM.

Mau kiém tra Sai (-1)

Pung (+1) Pung (+1)

I T [ T
;  Huvongtrong | ;  Huvongngoai | Hu bi P O lan binh thudong |

Hinh 5. So d thuat toan chan doan hu hong 6 lin bang nhiéu bd phan 16p BSOA-SVM.

5 KETLUAN

Bai bao dd d& xuit mot mo hinh chan doan hu hong 6 lan dya trén may véc to hd trg SVM két hop véi
phuong phép trich chon dic trung SVD. Bén canh do, cac théng s6 cia SVM ciing dugc t6i wu bang thuat
toan BSOA gitp rit ngin thoi gian phan 16p va ting cuong d6 chinh xac ctia bo phan 16p SVM. Céc tin
hiéu dao dong 6 lin dwoc phan tich thanh nhimg IMF bang phuong phap EEMD tao thuan lgi cho viéc
trich chon cac thong sé ddc trung bang phuong phap SVD ¢ budc tiép theo. Cac két qua thuc nghiém cho
thay viéc 4p dung phuong phap phan 165p BSOA-SVM két hop vai viée trich chon céac thong so dac trung
bang phuong phap SVD vao bai toan chin doan khuyét tat 6 lan dat do chinh xac cao va thoi gian ngin
hon khi so sanh véi cac phuong phap EEMD-SVD-GA-SVM hoic EEMD-SVD-PSO-SVM.
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Béng 1: Két qua phan loai hu hong 6 lin bing phuong phap EEMD-SVD va BSOA-SVM.

Mau kidm tra Gia trj don cuia dic tinh 16i BSOA- BSOA- BSOA-  Két qua nhin
Axx SVM, SVM, SVM; dang

(1) Hu vong trong 8.3688  3.4794  1.8740  0.7525 +1) Hu vong trong
(2) Hu vong trong 7.9926  3.6306 2.1178  0.5437 +1) Hu vong trong
(3) Hu vong trong 82909  3.4952 21176  0.5795 +1 Hu vong trong
(4) Hu vong trong 83008  3.5721  2.0999  0.6860 +1 Hu vong trong
(5) Hu vong trong 8.4828 3.5163 2.0146 0.6118 +1 Hu vong trong
(6) Hu vong trong 8.1277  3.5373  2.0276  0.6471 +1 Hu vong trong
(7) Hu vong ngoai 7.8281 1.2276 ~ 0.8300  0.3407 (-1) +1) Hu vong ngoai
(8) Hu vong ngoai 7.7405 1.2846 09411  0.4307 (-1) +1 Hu vong ngoai
(9) Hu vong ngoai 7.5634  1.2106  0.8123  0.4441 (-1) +1) Hu vong ngoai
(10) Hu vong ngoai  7.6344 1.0908  0.8268  0.4483 (-1) (+1) Hu vong ngoai
(11) Hu vong ngoai ~ 7.7749  1.1739  0.8225  0.4465 (-1) +1) Hu vong ngoai
(12) Hu vong ngoai ~ 9.0698 1.4099  0.8481 0.4820 (-1) +1) Hu vong ngoai
(13) Hu bi 4.1805 0.7672  0.8116  0.3049 -1 -1 (+1)  Hubi
(14) Hu bi 39870  0.8197  0.9460  0.3256 -1 (-1) (+1)  Hubi
(15) Hu bi 42638  0.8009 0.8394  0.2687 (-1 -1 (+1)  Hubi
(16) Hu bi 3.7106  0.8205  0.8263  0.3059 (-1 -1 (+1)  Hubi
(17) Hu bi 4.0366  0.7989  0.8829  0.3581 (-1 -1 (+1)  Hubi
(18) Hu bi 43475 0.7789  0.8561  0.3475 (-1 -1 (+1)  Hubi
(19) Binh thudong 1.4208  0.7265 0.7713  0.3976 -1 -1 -1 Binh thuong
(20) Binh thuong 1.3549  0.6610  0.5822  0.4118 (-1 (-1 (-1 Binh thuong
(21) Binh thuong 1.3042  0.7038  0.7461  0.4271 (-1 (-1 (-1 Binh thuong
(22) Binh thuong 1.4459  0.7040  0.6723  0.3477 (-1 (-1 -1 Binh thuong
(23) Binh thuong 1.3649  0.6854 0.7166  0.3536 (-1 (-1 (-1 Binh thuong
(24) Binh thuong 1.4979  0.6509 1.1465 0.4271 (-1) (-1) (-1) Binh thuong

Bang 2: Két qua phén 16p hu hong 6 lin cta phuong phap EEMD-SVD-BSOA-SVM so sanh véi phwong phap
EEMD-SVD-GA-SVM va EEMD-SVD-PSO-SVM.

Method Z;:lgigf salr;les;es Optimal C Optimal c  Cost time (s) Avliraa}[ie(igror
BSOA-SVM;, 308 132 645.80 6.15 48.37 0
PSO-SVM, 308 132 15082.25 17.55 58.10 0
GA-SVM, 308 132 179.17 9.89 61.17 0
BSOA-SVM, 241 99 18230.57 16.23 45.19 0
PSO-SVM, 241 99 18839.57 21.04 54.80 0.2357
GA-SVM, 241 99 12716.35 22.14 56.58 0.2357
BSOA-SVM; 154 66 13764.40 7.94 31.95 0
PSO-SVM; 154 66 19094.51 20.23 3541 0
GA-SVM; 154 66 21648.31 30.25 42.76 0
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