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Tém tit. Bai bao ny gi6i thiéu mot phuong phap méi dé chin doan hu héng & lan dya trén may véc to
hd trg (SVM) véi cac thong sé duge tdi uu boi thuat toan tién hoa vi phan thich tmg (AEDE). Trudc tién,
nhiing tin hiéu dao dong gia téc ctia 6 1an duoc phan rd thanh cac ham thanh phan bang phuong phap phan
rd md hinh bién d6i (VMD). Sau d6 cac ham thanh phan dugc trich xut thanh cac ma tran dic tinh nho
phwong phap phan rd gia tri don (SVD) dé thu duogc cac gia tri don. Thir ba, cic ma trén dic tinh nay duoc
dung lam ma tran dau vao cho bd phan loai AEDE-SVM. Ket qua thuc nghiém cho thay phuong phap dé
xuét cho d¢ chinh x4c phan loai cao (100%) va thoi gian ngan hon so véi cac phwong phap khac.

Tir khéa. Phuong phap phan rd mé hinh bién doi, Chan doan hu hong, 6 lan, phan rd gia tri don, May véc
to ho tro.

1 GIOI THIEU

O lan 1a chi tiét trung gian gitta by phan quay va bo phan ¢b dinh. Hu hong 6 6 1an s& dan dén hu hong nghiém
trong clia may vi thé chan doan hu hong 6 lin giir vai trd quan trong dé bao dam su hoat dong lién tuc cua
hé thong.

Chan doan hu hong 6 1an bao gom 3 giai doan: Thu thap dit liéu, trich xuat dic tinh va nhan dang vt thé
trong d6 2 giai doan sau giit vai tro then chét. Khi xay ra hu hong 6 lan viéc trich xuat thong tin dic tinh
15i 1a viéc khong d& dang vi tin hiéu dao dong cta 6 lin 14 tin hiéu khong ding.

Trich xuét dic tinh bao gdm phén ri tin higu va trich xuat dic trung. Cac phuong phép phén ra tin hiéu bao
g6m phan rd mé hinh thyc nghiém (Empirical Mode Decomposition - EMD)[1], phan ra gia tri trung binh
(Local Mean Decomposition - LMD)[2]. Cac phuong phéap nay c6 diém chung 1a phan rd mét tin hiéu dao
dong thanh téng cac tin hiéu thanh phan va phan du. Tuy nhién phuong phap EMD va LMD c6 cac khuyét
diém nhur hiéu ing doan cubi (end effect), tron 1An mo hinh (mode mixing). Cac hiéu tmg nay lam cho két
qua phan ra tin hiéu kém hiéu qua. Nén cac phuong phap nay khong ty thich ing véi cac tin hiéu dac biét
1a tin hiéu dao dong 6 lan. Gan déy tac gia K. Dragomiretskiy voi cong sy dd dé xuat phuong phap phan
rd mo hinh bién dbi (Variational Mode Decomposition -VMD) dé phan ra tin hiéu[3]. Phuong phép nay
khic phuc duoc khuyét diém ciia phuong phap EMD, LMD va cho hiéu qué cao.

Céc tin hiéu thanh phan duoc trich xuét dic trung dé tao thanh cac ma tran dic tinh bang cach str dung cac
phuwong phap phén tich ty 1& tan sé [4], entropy nang lugng [5], phén rd gia tri don (Singular value
decomposition-SVD)[6]. Giai doan trich xuét dic trung nham lam giam kich thudc du vao cho budc nhan
dang vat thé.

Céc phuong phap nhin dang vat thé bao gém dung ham biét thie (Variable predictive model class
discrimination -VPMCD)[7], mang no ron than kinh nhan tao (Artificial Neuron Network-ANN)[8] va may
véc to hd trg (Support vector machine -SVM)[9]. VPMCD c¢6 khuyet diém 1a kho thiét lap cac thong so
bién cia md hinh. Phuong phap may véc to ho trg ¢6 wu diém so véi ANN la c¢6 kha nang tong quat cao
Vv6i 86 luong mau huan luyén nho. Diéu nay rat phu hop khi xir Iy cac bai toan k¥ thuat von rat tén keém khi
thu thap s6 lugng mau 16n. Tuy nhién thach thirc cho ngudi ding SVM 1a viéc lya chon cac thong sé ciia
md hinh nay. Thong thuong viée lwa chon cac thong sé nay dua trén kinh nghiém hodc cac thuat toan tim
kiém heuristic. Cac thudt toan heuristic thudong dung dé lua tim kiém cac théng s6 cho SVM nhu thuét toan
di truyén (Genetic Algorithm), thuat toan t6i uu hoa bay dan (Particle Swarm Optimization-PSO), thuat
toan tién hoa vi phan (Differential Evolution- -DE). Gan day thuat toan tién hoa vi phan thich 1 ung (Adaptive
Elitist Differential Evolution-AEDE) duogc dé xuét cho bai toan t6i uu [10]. Thuét toan tién hoa vi phan
thich mg cho thay wu diém vuot trdi trong viéc gidi quyét bai toan toi uu khi so sanh véi thuat toan GA,
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PSO. Vi vay trong bai béo nay chiing t6i d& xuit dung thuét toan tién hoa vi phéan thich tng 1am cong cu
Iira chon céc thong s6 cho bd phan loai SVM.

Trong bai bao nay chung t6i sir dung phuong phap VMD két hop phan ra gia tri rleng (SVD) de trich xudt
dic tinh va AEDE-SVM dé nhan dang hu hong. Trude tién cac tin hiéu dao dong gia tdc cua 6 lan dugc
phén ra thanh cac tin hi¢u phu boi phuong phap VMD. Sau d6 cac tin hi¢u phu nay dugc trich chon thanh
ma trén dac tinh béi phuong phap SVD. Cac ma tran ddc tinh dugc dung lam ma tran dau vao cho bd phan
loai SVM. Céc théng sd cia SVM dugc tdi wu hoa boi thuat toan AEDE dé tao ra bo phan loai AEDE-
SVM. Két qua thuc nghiém cho thdy bd phan loai AEDE-SVM cho két qua phan loai cao hon va thoi gian
ngan hon khi so sanh véi bd phan loai GA-SVM va PSO-SVM véi clng dit liéu dau vao. Bai bao duge bd
cuc nhu sau: muc 2 trinh bai thuat toan tién hoa vi phan thich tmg, muc 3 trinh bay t6i wu hoa thong s6
SVM dura trén AEDE. Muc 4 trinh bay tmg dung AEDE-SVM dé chan doan hu hong 6 lin va qué trinh
thuc nghiém cung véi Kkét qua dugc trinh bay trong muc 5. Muc 6 trinh bay Két luan cua bai bao.

2 THUAT TOAN TIEN HOA VI PHAN THiCH UNG (AEDE)

Thuét toan tién hoa vi phan thich tmg 12 mot phién ban cai tién cuia thuat toan tién hoa vi phan (DE) véi hai
cai tién trong giai doan dot bién va giai doan lya chon dé nang cao kha nang lya chon va t61 uu hoa cho cac
bién roi rac. Trong tinh toan tién hoa, DE 1a mot phuong phap t6i uu hoa bing cach lién tuc cai tién mot
giai phap mg vién lién quan dén chat luong. Trén thyc té, day 1a mot qua trinh lap di lap lai bao gdm cac
qué trinh khdi tao, dot bién, lai ghép va lya chon dé tim ra giai phap tim kiém toan cuc cho céc van dé toi
uu hoa chung. Tuy nhién, cac tham s6 DE vi du yéu t6 dot bién, tham sd diéu khién chéo va céac chién luge
tao vecto thir nghiém co6 tac dong dang ké dén hiéu suit cua thuat toan. Dé khic phuc nhiing han ché phé
bién ctia céc thuat toan t6i wu héa, chang han nhu sir dung mot lwong 16n tai nguyén ciing nhu chi phi tinh
toan cao, AEDE di duoc dé xuit voi hai cai tién. K§ thuat du tién 12 k§ thuat thich nghi dua trén su khac
biét cua ham muc ti€u giira ca thé t5t nht va toan bo quﬁn thé & thé hé trude - duge ap dung trong giai doan
dot bién dé cai thién kha nang tim kiém. K¥ thuat th hai 12 k§ thuat toi wu dé chon ra nhiing cé thé tot nhét
cho thé hé tiép theo dugc p dung trong giai doan chon loc nhdm nang cao kha niang tim kiém va tang ty 1é
hoi tu.

So d6 d6t bién thich nghi méi cia AEDE str dung hai toan tir dot bién. Loai dau tién 1a *“ rand / 1  nhim
muc dich dam bao sy da dang cua qu?m thé va ngan ca thé bi mic ket & mot vi tri toi vu cuc bg. Phuong
phap thir hai 1 " current-to-best / 1 "gitip ting téc d6 hodi tu cia quan thé bang cach din dit quan thé dén
nhitng c4 thé tot nhat. Mat khac, co ché chon loc méi luén tim kiém va luu trir nhitng cé thé t6t nhit cua ca
quan thé dé 1am dir liéu tham khao cho viéc dinh hudng thé hé tiép theo, giup gin chat su hoi tu. Luu dd
thuat toan AEDE thé hién trong Hinh 1. Thong sb delta duoc tinh bang do 1éch giira trung binh céc ca thé
trong dan s6 va ca thé tot nhat. Khi cac ca thi nay hdi tu vé mot diém thi trung binh va gia tri “best” cang
gan nhau. Epsilon 1a sé thyc rat nho, duge xem nhu 13 ngudng quyét dinh. Khi delta nho hon epsilon céc
c4 thé d3 xem nhu hoi tu vé 1 diém, thuét toan duoc dung.

3 TOI UU HOA THONG SO SVM DUA TREN AEDE

3.1 May véc to hd tro

May véc to hd trg duoc gi6i thiéu 14n dAu tién dugc gidi thidu boi V. N. Vapnik va d3 tré thanh mot trong
nhiing loai may hoc pho bién nhét dya trén ly thuyet hoc thong ké. Pay 1a mot phuong phap hoc ¢6 giam
sat vo1 cdc thudt toan hoc lién quan dugc sir dung dé phan loai va phan tich hdi quy. Bang y tudng co ban
1a tich mién bai toan cho trude thanh hai nira khong gian c6 ddu nghich nhau (khong gian dwong va 4m)
chi béng mot s6 chi bao, duoc goi 1a vecto hd trg. SVM cho théy wu diém vuot troi trong dit liéu nhiéu va
hiéu suat vuot troi [9]. Tuy nhién, viéc lya chon cac tham s6 SVM ¢6 anh huong manh dén do chinh xac
ctia két qua phan loai khong bao gid 1 mot nhiém vu dé dang.
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Khai tao

Dot bién Dung Sai Pot bién
“Rand/1” “Current to best”
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Delta > &,

Hinh 1 Luu db thuat toan AEDE

SVM nhi phan tiéu chuan chip nhan cic vecto dau vao va phan loai ching thanh hai 16p khac nhau bang
mot ham dau. Béng cach sir dung ham anh xa @, SVM thuc sy 4nh xa cac mau huén luyén tir khong gian
dau vao thanh khong gian dic trung ¢ chibu cao hon dé ting kha ning phén tach 16p. Gia sir ring c6 mot
tap mau huan luyén G = {(x;, yi); i =1, 2, ..., 1}, trong d6 m&i miu X; € Ry thudc vé mot 16p cuay € {+1; -
1}; va dir liéu dao tao khong duoc phén tach 1 rang trong khong gian tinh ning dau vao, khi dé6 ham muc
tiéu duoc viét nhu sau:

Cuc tidu p(w) = {wlw) + C i, & (1)
sao cho y;({w.p(x)) +b) =1-¢&, & =0,i={12,..,1} 2
VGi @ 14 véc to phap tuyén ctia siéu mat, C 1a thong s6 phat, b 1a do 1éch, & 1a nhimng bién bu khong 4m va
@ (x) 1a ham anh xa.
Béng cach ap dung nhan tir Lagrange khong am oi > 0, bai toan t6i uu hoa cé thé dugc viét lai nhu sau:

1 1
1
Cuc dai L(w, b, @) = Z a; — > Z a; a;y; YK (x;, x;) @)
i=1 ij=1
1
saocho 0 < a; SC;Zaiyi=0 (4)

i=1

Ham quyét dinh duoc biéu dién:
f(x) = sgn[2io; a;yiK (x;.x) + b] (%)
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Trong cong thirc (5) ham kernel dugc dung la ham “radial basis” duoc dung dé chuyén mién bai toan
ban dau sang mién Gaussian theo cong thirc sau:

K(x,x;) = exp (M) (6)

202

v6i o 1a thong sb kernel.

3.2 TOI UU CAC THONG SO SVM DUA TREN AEDE
Nhu d3 dé cap trong cac nghién ctru trude day, cac tham s6 SVM anh huéng manh dén hiéu sudt phan 16p.
Viéc lya chon céc thong sb t6i wu cho SVM chu yéu dua trén kinh nghiém ciia nguoi dung. Trong bai bao
nay, chung t6i dé xuat dung AEDE d¢é t6i uwu hoa cac thong sé SVM.
Thong s phat C va tham s6 kernel o trong ham nhan Gaussian dugc coi 14 cac bién t6i wu hoa trong khi 15i
kiém tra 1a phép do phii hop ctia bai toan t6i ru hoa. Him muc tiéu 1a 16i kiém tra cia SVM va duoc biéu
dién nhu sau:

G(X)=LKTswm(x) (7

trong d6 G(x) ham muc tiéu , LKTew 1a 13i kiém trava X={C, 0},

Trong cong thuc (7) lai kiém tra cua SVM duoc dinh nghia: ) ) N )
LKTsym=So luong mau sai trong nhizng mau kiém tra/Tong so cua mau trong tap kiemtra  (8)

Noi chung, thuat toan AEDE da dugc tich hop vao quy trinh huin luyén SVM dé c6 dugc cac tham s toi
vu nham tbi da héa do chinh xac phén loai va kha nang tong quat hoa ctia SVM. Ban dau, mdi c4 thé o thé
hé dau tién duoc 1y ngiu nhién. Thuat toan SVM thuong tinh toan ma tran trong s6 dau ra tuong tmg cho
ting ca thé. Sau d6, AEDE c6 thé duoc ap dung dé tim s6 do gid tri tt nhit cho timg c4 thé trong quan thé.
Qua trinh nay duoc 1ap lai cho dén khi dat dugc diéu kién dimg. Khi qua trinh tién hoa két thuc, cac thong
sO toi wu cia SVM da sin sang dé thuc hién phan loai. Quy trinh ctia thuat toan AEDE-SVM dugc trinh
bay nhu sau (Hinh 2)

4 UNG DUNG AEDE PE CHAN POAN HU HONG O LAN

4.1 Tong quan h¢ thong

May véc to hd tro ciing nhu cac ki thuat du doan di cho thiy wu diém cua chung trong viée phat hién cac
hu hong ciia may moc nham tranh hodc giam rui ro va chi phi cua nhirng hu hong khéng mong mu6n. Trong
bai bao nay, AEDE-SVM dugc str dung dé phat hién 16i 6 lan v6n 1a mot trong nhitng bd phan phd bién
nhit trong cac tmg dung cong nghiép.

Céc tin hiéu rung dong gia toc 6 lan thu thap dugc da duoc phén tach thanh mot s ham thanh phan bang
cach sir dung phuong phap VMD. Sau do, ky thuat SVD dugc st dung dé thuc hién giam kich thudc cac
ma trin vecto, ké tiép cac ma tran nay duoc sir dung lam véc to diu vao cua bd phan loai AEDE-SVM.

4.2 Phwong phap phan ri mé hinh bién ddi (VMD)

Phuorng phap VMD la phuong phap phén ra tin hiéu tryc giao thich img. Day la phuong phap manh cho
viée lay mau va chéng nhleu VMD c¢6 thé phan ra mot tin hiéu thue f thanh mot s0 ham thanh phan uy [3].
0 day, mdi dang Uk cht yeu nén dugc nén xung quanh mot diém trung tdm. Dé xuat ciia VMD c¢6 thé dugc
tom tat nhur mot bai toan bién doi c6 rang budc:

it (60 ) woler= )

saocho Y u, = f

V6i U={Us, Us,..., U VA ax={a@1, @s,...,ax} tuan ty 13 tap hop ciia cac ham thanh phan va tan sb trung tim
cua chiing.
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AEDE D E—

v

Céc théng s6 SVM (C, o)

v

Huén luyén md hinh SVM

Y

Tinh toan ham muc tiéu

v

Kiém tra didu kién ding

Thu duge cac thong sb SVM tdi uu (C, o)

Hinh 2. Luu d6 thuét toan AEDE-SVM

Phuong phap nhan tir Lagrange va phuong phap phat bac 2 dugc dua vao cong thie (9) dé chuyen bai
toan bién c6 rang budc thanh bai toan bién khong rang budc. Tham sé Lagrange L duoc biéu dién nhu sau:

L foh ) = a S [0, [(60) + 2) <] et | + 115 0) = Sy I +

(A(0), f () = X ug () (10)
Chi tiét ctia phuong phap VMD dugc trinh bay trong tai liéu [3]. S6 ham thanh phan ux quyét dinh thoi gian
phan ra tin hiéu va thoi gian phéan 16p ciia bo phéan loai SVM. Trong bai bao nay chung t6i chon sb ham
thanh phan 14 4. Sau khi phén ré tin hiéu dao dong gia téc & 1an thanh cac ham thanh phéan, budc ké tiép cac
ham thanh phan nay dugc trich xuat thanh cac ma tran dic tinh boi phuwong phép phan ra gia tri don.

4.3 Phwong phap phén ra gia tri don (SVD)
Phuong phap SVD 1a phan ri mot ma tran dé tao ra nhitng gia tri riéng goi 1a nhiitng véc to riéng.
Gia st ¢6 1 ma tran X voi kich thuée M xN duge biéu dién nhu sau:
= EAVT (11)

Vc’yi E =lej, ey €3, ...,en] ERVN ETE =1,V = [v1,v,,v3,...,0,] € RM*M VTV = [, ARN*M,

= [diag{ol, . O'p} 0] p =min(N,M),vac,; =20, =...2 crp 0. Thanh phan thir i ciia véc to bén
trai va phai ciia ma tran X tudn tu 1a nhirng véc to €j va v;. Gia tri cta o 1a nhling gia trj riéng ctia ma tran
%
Trong bai bao nay, phuong phap VMD duogc ding dé phéan rd cac tin hiéu dao dong cua 6 lan thanh cac
ham thanh phan u. Sau d6 cac ham thanh phan duoc phén ra thanh 2 ma tran dic tinh X va Y.

Ujpq
X = I”f”‘ (12)

v6i J =n/2 (khi n 14 s6 chin) va J=(n+1)/2 (kh1 n 1a s6 18). O day, nhitng dic tinh cua tin hiéu dao dong
cta 6 lan x(t) co thé duoc trich xudt tur nhirng ma tran dac tinh déc tinh ban dau X va Y. Thém vao d6 nhitng
véc to dic tinh 18i c6 thé xem 1a nhiing gia tri don phan anh dic tinh ty nhién. B phan loai AEDE-SVM
6 thé duge dung dé nhan dang diéu kién lam viéc va nhitng mau 6 1an 15i .
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Hinh 3 mé ta luu d6 ciia phuong phép chan doan hu hong 6 1an da trén VMD-SVD va AEDE-SVM. Trudc
tién nhing tin hiéu dao dong gia tdc ctia O 1dn duge phan tich thanh cac ham con bdi thuat toan VMD, sau
d6 cac ham con dugc trich xuét thanh cac ma tran dic tinh dung cho bo phan loai SVM bai phuong phap
SVD. Ké tlep ma trén dac tinh dugce tach 1am 2 nhom dung dé huin luyén va kiém tra. Sau khi hudn luyén
céc thong sb t6i vu ctia SVM 1a C va o duge dung dé kiém tra cac mau.

AEDE -4
Tin hi¢u dao dong gia + _
toc 6 lan Cac thong s6 SVM
C,o

Y

— DUl |l idn luyén mo hinh SVM
huan luyén

VMD +

Tinh toan ham muc tiéu

SVD Kiém tra diéu kién dimg ?

Cac thong s6 SVM t6i uu

v

EEE— AEDE-SVM

Dtr liéu
kiém tra

Nhan dang 16i hu hong
6 lan

Hinh 3. Luu d6 thuét toan phuong phap chin doan hu hong 6 lan dwa trén VMD-SVM va AEDE-SVM

5 THUC NGHIEM VA KET QUA

5.1 Thu thép dir li¢u

Dit li¢u cua bai bao nay dugc thu thap tir Trung tdm dir li€u 6 1an cua Pai hoc Case Western Reserve dudi
su cho phép ctia Gido su K. A. Loparo cho thay hiéu suét tot cia phuong phap dé xuit. M6 hinh thir nghiém
bao gém dong co dién cong suit 2 HP, bd chuyén ddi md men xoén, luc ké va bo diéu khién dién tir. Mot
bo chuyén doi twong ty sang k¥ thuét s6 ciing dugc str dung dé 1ay mau ¢ tan s6 485063 Hz, trong khi tdc
d6 dong co duoc ¢ dinh 6 1772 vong / phut. O lan hiéu SKF loai 6205-2RS JEM dugc tao hu hong b?mg
phwong phép cit laser dé ra cac mau 6 lan hu hong (Hinh 4) [11]. Bén tinh trang cua ) lan bao gom hu
vong trong (IR), hu vong ngoai (OR), hu bi (Ball) va 6 lan binh thuong (Nor) gom 432 mAu. Trong moi
vong huan luyén va kiém tra cac mau dugc chon ra dé kiém tra va huén luyén theo ty 1& 12 mot phan ba.
Hinh 4 hién thi cach bd tri thi nghiém lay mau dir liéu dao dong 6 b lan.

5.2 Thue nghié¢m va két qua

B phén loai AEDE-SVM diing trong bai béo 14 loai phan loai nhi phan. Vi 4 nhém tinh trang 6 1an ching
t6i phai sir dung 3 bo phén loai. B thir nhat AEDE-SVM1 diing dé tach nhém 6 lan hu vong trong, bo thir
hai AEDE-SVM2 dé tdch nhém 6 lan hu vong ngoai, bo thir ba AEDE-SVM3 dé tach nhom 6 lan tinh trang
hu bi. Phan con lai 1a nhém 6 1an binh thuong. Két qua 4 tinh trang 6 lan dugc trinh bay chi tiét trong Bang
1. Bé danh gia tinh hiéu qua cta phuong phap dé xut chung toi da so sanh b phén loai AEDE-SVM vdi
b phan loai s dung thudt toan PSO va thuat toan GA. bé tao sy cong bang trong so sanh, cac thong sb
ctia 3 phuong phap dugc thiét 1ap nhu sau: s6 ca thé 1a 30 va s6 1an chay chwong trinh 1 30. Véi thuat toan
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PSO, cac thdng sé dugc lay 1a W = 0.75, ¢1 = ¢2 = 1.5. Cac thong sb t6i wu ctia bd phan loai cta 3 phuong
phap duoc trinh bay trong Bang 2. Tir Bang 2 cho thdy két qua phén 16p ctia phuong phap dé xuat cho do
chinh xac phan loai 1a t6t nhat (0%) so véi 4 phuong phap kia. Pong thoi, thoi gian chay chwong trinh ctia
phuong phap VMD-SVD-AEDE-SVM ngin hon khi so voi EMD-SVD-AEDE-SVM, LMD-SVD-AEDE-
SVM, VMD-SVD-PSO-SVM va VMD-SVD-GA-SVM.

=

Hinh 4. M6 hinh thu thap di liéu dao dong 6 lan[11].

Bang 1. Két qua phan 16p cua phuong phap VMD-SVD va AEDE-SVM

B¢ phan | Bo phan | B phan
Mau kiém Gié tri don ciia ddc tinh 131 o« loai loai loai Két qua pbﬁn loai
tra : : X AEDE- | AEDE - | AEDE - | tinh trang 6 lan
SVM1 SVM2 SVM3
D IR 2.7761 1.8401 4.8933 45838 | (+1) Hu vong trong
(2) IR 2.9126 2.0058 4.7401 4.4795 | (+1) Hu vong trong
3 IR 2.7924 1.8047 4.5295 43316 | (+1) Hu vong trong
4 IR 2.7550 1.8927 4.4961 4.2803 | (+1) Hu vong trong
(5) IR 2.7959 1.9007 4.8923 4.6756 | (+1) Hu vong trong
(6) IR 2.9235 2.1059 4.7940 4.2828 | (+1) Hu vong trong
(7) OR 0.8577 0.5376 5.2051 3.3693 | (-1) (+1) Hu vong ngoai
(8) OR 1.7118 0.6552 4.3116 2.7413 | (-1) (+1) Hu vong ngoai
(99 OR 2.3271 0.6228 5.7027 41664 | (-1) (+1) Hu vong ngoai
(10) OR 2.0091 0.6157 6.3539 2.7257 | (-1) (+1) Hu vong ngoai
(11) OR 0.6076 0.5563 4.9454 2.5839 | (-1) (+1) Hu vong ngoai
(12) OR 0.6413 0.5886 4.6188 3.0289 | (-1) (+1) Hu vong ngoai
(13) Ball 0.6385 0.6040 3.2876 1.5652 | (-1) (-1) (+1) Hu bi
(14) Ball 0.6858 0.6329 2.7909 1.8992 | (-1) (-1) (+1) Hu bi
(15) Ball 0.6520 0.6074 3.0904 1.8048 | (-1) (-1) (+1) Hu bi
(16) Ball 0.6765 0.6158 2.7749 15726 | (-1) (-1) (+1) Hu bi
(17) Ball 0.9085 0.6370 3.1661 1.4629 | (-1) (-1) (+1) Hu bi
(18) Ball 0.9458 0.6073 3.2765 1.8549 | (-1) (-1) (+1) Hu bi
(19) Nor 1.8843 1.1404 0.4915 0.0544 | (-1) (-1) (-1) Binh thuong
(20) Nor 1.7389 1.1432 0.4882 0.0557 | (-1) (-1) (-1) Binh thuong
(21) Nor 1.6609 1.1661 0.5737 0.4988 | (-1) (-1) (-1) Binh thuong
(22) Nor 1.8967 1.0806 0.5005 0.0610 | (-1) (-1) (-1) Binh thuong
(23) Nor 1.8109 1.2378 0.5112 0.0639 | (-1) (-1) (-1) Binh thuong
(24) Nor 1.9469 1.5415 0.5582 0.5047 | (-1) (-1) (-1) Binh thuong
6 KET LUAN

Trong bai bao nay phuong phap chan doan hu hong 6 lin da dwoc dé xuat. Trude tién tin hiéu dao dong gia
toc 6 lan dugc phan ra thanh cdc ham con nhd phuong phap VMD. Budc thir hai cic ham con dugc trich
xuat thanh ma tran tran dic tinh nho phuong phap SVD. Céac ma tran dac tinh dugc st dung lam ma tran
dau vao cho bd phan loai may véc to hd tro. Cac thong s6 ciia SVM duoc dé xuit ti wu hoa bai phuong
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phép AEDE. Sau khi huén luyén cho b phan loai AEDE-SVM, cac thong sb clia mdy véc to hd trg dugce
t6i uu boi phuong phap AEDE dé chon ra cac thong sb t6i wru. Két qua thuc nghiém cho thay su két hop
phuong phap VMD- SVD va AEDE-SVM dat dugc do chinh xac phan loai cao hon voi chi phi thoi gian
thip hon so véi cac phuong phép khac. Phuong phap ndy c6 hiu qua t6t khi chan doan hu hong 6 lin va
co the chan doan cho céc chi tiét quay khac néu c6 dugc tin hiéu dao dong gia toc. Trong cac nghién ctru
ké tiép tac gia s& chan doan hu hong cho céc chi tiét quay khac dua trén phuong phéap dé xuat.

Bang 2. Bang so sanh két qua phén loai hu hong 6 lin cta cac bd phan loai VMD-SVD-AEDE-SVM véi céc phuong
phdp EMD-SVD-AEDE-SVM, LMD-SVD-AEDE-SVM, VMD-SVD -PSO-SVM va VMD-SVD-GA-SVM.

So luong SO luong pyol. 6 t5i Thong s6 Thoigiangia Mic do  13i

Phuong phép {Eign huan i?;‘“ kim ¢ iwuo  thanh(s)  phan loai (%)
VMD-SVD-AEDE-SVM1 288 144 4679.16 12.33 24.01 0
LMD-SVD-AEDE-SVM1 288 144 29594.13 9.12 25.04 0
EMD-SVD-AEDE-SVM1 288 144 28148.74 23.83 26.04 0
VMD-SVD -PSO-SVM1 288 144 15958.74 19.00 28.12 0
VMD-SVD -GA-SVM1 288 144 25194.23 10.21 34.35 0
VMD-SVD-AEDE-SVM2 714 108 10382.39 28.60 20.22 0
LMD-SVD-AEDE-SVM2 216 108 7843.03 18.19 21.80 0.101
EMD-SVD-AEDE-SVM2 216 108 16186.23 10.09 22.56 0.101
VMD-SVD -PSO-SVM2 716 108 19007.60 18.08 23.56 0.101
VMD-SVD -GA-SVM2 716 108 1569.12 17.12 28.31 0.101
VMD-SVD-AEDE-SVM3 144 72 9117.31 20.37 16.93 0
LMD-SVD-AEDE-SVM3 144 72 2813.18 30.15 17.08 0
EMD-SVD-AEDE-SVM3 144 72 15331.62 4.32 17.68 0
VMD-SVD -PSO-SVM3 144 72 19086.22 17.96 18.15 0
VMD-SVD -GA-SVM3 144 72 8173.41 19.53 23.41 0
LOI CAM ON

Téc gia cam on Gido su K. A. Loparo ¢ dai hoc Case Western Reserve da cho phép st dung dir li€u cua
Trung tam dit liéu 0 lan dé phuc vu cho bai bao nay.
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A NEW ROLLER BEARING FAULT DIAGNOSIS METHOD BASED ON AEDE-SVM
METHOD AND VMD-SVD
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Abstract. This paper presents a new method for roller bearing fault diagnosis based on support vector
machine (SVM) with parameters optimized by Adaptive Elitist Differential Evolution method (AEDE).
First, roller bearing acceleration vibration signals are decomposed into function by using Variational Mode
Decomposition (VMD) method. Second, initial feature matrices are extracted from there functions by
singular value decomposition (SVD) techniques to obtain single values. Thirdly, these values serve as input
vector for AEDE-SVM classifier. Experimental results show that the proposed method gives high
classification accuracy (100%) and shorter time than other methods.

Keywords.  Variational mode decomposition, Fault diagnosis, roller bearing, singular value
decomposition, support vector machine.
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