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Phuong phap phén tich tin hiéu rung dong EMD la mot phuong phap méi
trong xtr 1y cac tin hiéu phi tuyén va khéng on dinh. Trong bai béo nay,
phuong phap EMD két hop voi mang no ron BP duogc tng dung trong
phén tich cac tin hi¢u rung dong va dénh gid tinh trang lam viéc cua hop
giam tdc. Pau tién, cac tin hiéu duoc rung dong dugc phan tich thanh cac
thanh phan IMFs boi phuong phap EMD. Sau d6 tir mot sé thanh phan
IMFs dau tién dugc chon lam cac véc to dic tinh hu hong trdi nhat, cic
véc to nay chinh 1a dau vao clia mang no ron BP dé phan loai cac hu hong
ctia hop giam toc. Két qua cho thdy phuong phap EMD két hgp mang no
ron BP da danh gia dugc tinh trang lam viéc ciia hdp giam tbc mot cach
hi€u qua va chinh xac cao khi dugc so sanh vdi cac phuong phap khac
nhu EMD va Wavelet packet-BPN.

Abstract
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The empirical mode decomposition (EMD) is a new method for adaptive
analysis of nonlinear and nonstationary signals. In this paper, the EMD
method was combined with the BP neural network to analyze the vibration
signals and evaluate the working conditions of the gearbox. Firstly,
vibration signals are decomposed into some components intrinsic mode
functions (IMFs) by EMD method. Then, the feature vectors are extracted
from a number of IMFs that contained the most dominant fault
information. To identify gearbox fault patterns, the feature vectors could
serve as input vectors of BP neural network. The analysis results from
gearbox vibration signals by EMD and BP neural network show that the
EMD-BPN can identify gearbox fault patterns accurately and effectively
and is superior to the combination of Wavelet packet with BPN and EMD.
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1. TONG QUAN

Hop giam tc duoc ing dung rong rai trong cac nganh cong nghiép va trong cac phuong
tién van tai. Trong qua trinh hop gidm tdc hoat dong c6 hu hong xay ra, bao gdm cac hu hong
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ctia banh ring va vong bi, cac tin hiéu rung dong ciia hop giam tdc s& ¢ cac dic tinh khong 6n
dinh, phi tuyén. Vi vay lam thé nao dé trich xuat thong tin dic tinh hu hong tir cac tin hiéu
rung dong khong on dinh, phi tuyén 1 van dé nan giai trong chan doan hu hong hop giam tdc.
Do vay, chan doan hu hong cua hop giam tdc di dugc nhiéu nha khoa hoc nghién ciru va cong
b6 trén céc tap chi khoa hoc uy tin [1-3]. Hién nay, c6 ba phuong phap chinh trong chan doan
hu hong hop giam tde: phan tich tin hiéu 4m thanh, giam sat manh v (mat kim loai) va phin
tich rung dong [4]. Trong d6, phuong phéap phéan tich tin hiéu rung dong dugc sir dung rong rai
hon ca. Trong phan tich tin hi¢u rung dong, hién nay hay sir dung cac phuong phap nhu: xur ly
tin hiéu trong mién thoi gian, xu ly tin hiéu trong mién tan s6, va xir 1y tin hi¢u trong m1en thoi
gian- -tan s6. Trong bai bao nay st dung phu:(mg phap xur ly tin hiéu trong m1en thoi gian- -tan s6
dé tién xir 1y cac tin hiéu rung dong cua hop giam tdc. Trong mién thoi gian-tan sd da co nhirng
nghién ctru nhu: bién d6i nhanh Fourier, phén b6 Wigner-Ville va phan tich Wavelet [5, 6].
Nhung cic phuong phap d6 c6 nhiéu han ché nhu: chi ap dung cho cac tin hiéu tuyén tinh,
khong phai 1a phuong phap xur 1y tin hi€u ty thich nghi. Hon nira, cac tin hiéu rung dong cua
hép giam tc lai chiu anh huong cua nhiéu yeu t6 phi tuyén: tai trong, khe ho, ma sat, do cing
bé mit.. . Tom lai, trong dleu kién lam viéc tdng quat cac tin hiéu rung dong cua hop giam tbe
la khong 6n dinh, phi tuyén nén viéc xac dinh cac diéu kién lam viéc cua hop giam tdc gip
nhiéu khé khin khi st dung cac phuwong phap truyén thong. Chinh vi vdy, mot phuong phap
phan tich tin hiéu méi EMD (Empirical Mode Decomposition) dugc gidi thi¢u trong bai bao
nay gitp ching ta giai quyét dugc ‘nhirng han ché cta cac phuong phéap truyén théng. Phuong
phap phén tich EMD dugc phat trién boi Wu va Huang [7], nguyén 1y co ban cua phuong phap
EMD 1a phan tich tin hiéu gbc thanh mot s6 thanh phin IMFs (Intrinsic Mode Functions) va
mdt phan du u,,.

Trong nghién ctru ndy, phuong phap phan tich EMD duoc ing dung dé xtr 1y tin hiéu rung
dong ban dau trong qua trinh chan doan hu hong ctia hop giam tdc. Dau tién, tin hidu rung dong
ctia hop giam tdc duoc phén tich bai EMD thanh cac IMFs, sau 6 phuong phéap en-trd-pi ning
luong EMD dugc gidi thi¢u dé trich xuit dic tinh hu hdng cua céc thanh phﬁn ciu thanh hop
giam tdc, nd co thé phan anh duoc didu kién lam viée thyuc té va cac dang hu hong cia hop giam
tdc (bao gdm cac hu hong cta banh ring va hu hong cia vong bi). Cac en-tro-pi ning lwong
EMD ciia cac tin hiéu rung dong khac nhau chi ra ring ning lwong ciia cac tin hiéu rung dong &
cac dai tn khac nhau s& thay di khi hop giam tdc xuét hién hu hong. Dé phan loai duoc cac
dang hu hong khac nhau ctia hop giam tdc rd rang hon, trong bai bao niy, mang no ron BP da
duoc dung nhu mot bd phéan loai cac dang hu hong. O déy cac dac tinh ning lwong da trich xuét
tir cac IMFs duge ding lam cac véc to dau vao ciia bd phan loai hu hong BPN, sau khi qua budc
hudn luyén BPN c6 thé nhan biét va phan loai duoc cic dang hu hong ciia hop giam tdc. Dé thiy
duogc su vuot trdi cua phuong phap en-tro-pi nang luong EMD so véi cac phuong phéap khac, nd
duogc so sanh voi phuong phap phan tich wavelet va EMD. Cac két qua thuc nghiém cho thiy
rang phuong phap chan doan hu hong hop giam tdc thong qua phuwong phéap en-tro-pi ning luong
EMD két hop v6i BPN (EMD-BPN) c6 kha ning nhan dang hu hong va hiéu qua cao hon cic
phuong phép truyén thong.

2. PHUONG PHAP NGHIEN CUU

"Phuong phap nghién ctru dugc sir dung trong bai bao nély,dé chan doan hu hong cia hop
giam toc la EMD-BPN. Phuong phap phén tich EMD va trich xuat véc to dac tinh hu hong duge
trinh bay ngan gon trong muc 2.1 va 2.2.
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2.1. Giéi thi¢u phuwong phap phan tich tin hicu EMD

Phu:ong phap EMD dugc phat trién tir gia thiét don gian rang moi tin hi¢u bao gom cac che
d6 nodi tai don gian khac nhau cua cac dao dong. M&i ché do tuyén tinh hay phi tuyén sé& c6 so
cac cuc tri va cac diém zero giéng nhau. Chi c6 mot diém cuyc tri giira cac diém zero ké tiép
nhau. Mdi ché do c6 thé doc 1ap v6i nhitng ché d6 khac. Theo cach nay, mdi tin hidu c6 thé duge
phan tich thanh mot s6 cac IMFs va phéi thoa min cac didu kién sau [7, 8]:

(1) Trong toan by bo sd lidu, s6 diém cuc tri va sb diém zero phai bang nhau.

(2) Tai bat ky diém nao, gia tri trung binh cua dudng bao duoc dinh nghia boi cac cuc dai
va cyc tiéu dia phuong bang zero.

Mbi IMF thé hién mot ché do dao dong don gian so voi mot ham diéu hoa don gian. Vi
dinh nghia nay, moi tin hi€u x(z) c6 thé dugc phan tich nhu sau:

i. Nhan biét tat ca cuc tri dia phuong, sau do ndi tat ca cac cuc dai dia phuong bﬁng mot
duong béc ba spline nhu dudng bao phia trén.

ii. Lap lai bude (i) voi cac diém cuyc tiéu dia phuong. Cac dudng bao phia trén va phia dudi
c6 thé bao phu toan bo s liéu.

iii. Gia tri trung binh ctia dudng bao phia trén va phia dudi dugc goi 1a m;, va sy khac nhau
gitra tin hiéu x() va m; 1a thanh phan dAu tién /;, n6 duoc xac dinh nhu sau:

x(t)—m =h (1)

Ly tuong, néu hy 1a mot IMF, thi A, 14 thanh phan dau tién cua tin higu x(2).
iv. Néu h; khong phai la IMF, gan h; 1a tin hi¢u goc x(?) va lap lai cac budc tur (i) — (iii) ta

co:
by —my, = hy, 2)
sau d6 1ap lai budc nay k 1an, cho téi khi Ay, 1a mot IMF, nghia la:
hl(k—l) —my, = hy, 3)
tiép theo, né duogc dit 1a:
¢ =h @)
va chon mot diéu kién dung dugc dinh nghia nhu sau:
r 2
hl(k—l) - hlk
D, == ®))

T
2|
t=0 ,

O day, Dy nho hon mot gia tri dinh trude, thong thuong Dy ¢b gia tri tir 0,2 dén 0,3.
v. Cudi cung, tach ¢ tur x(2), chung ta co:
u, :x(z‘)—c1 (6)
uy duge coi la dir ligu gdc, va bang viéc lap lai cac qua trinh xir Iy ¢ trén, thanh phan IMF
thtr hai ¢, cia x(z) c6 thé duge tim ra. D€ qua trinh trén 13p lai n 1an, cho dén khi n-IMF's cua tin
hi¢u x(2) dugc tim ra, khi d¢ ta cé:

U —c,=1u,

(7
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Qué trinh phan tich tin hiéu x(2) c6 thé dimg lai khi thoa man diéu kién dimg (v) hodc khi
u, tréd thanh mot ham don di¢u va khong thé trich xuat thém /MF tur n6 nita. Tt cadc phuong trinh
(6) va (7) chiing ta co:

= zl ¢, +u, (8)
Vi vay, viéc phan tich tin hiéu x(?) thanh n-IMFs, va mot phéan thing du u,. Cac IMFs ci,

C2,..., ¢n duge tim ra 6 cac dai tan khac nhau va duoc sip xép theo thir ty tir cao dén thap. Dé
hleu 1& hon vé phuong phap EMD, ta xét tin hiéu sau:

x(1)=x(1)+x,(2)
=[1+0.5sin (107¢) | cos (1007t +307¢” ) ©
x, (t)=2sin(4071)

Dang tin hi€u x(z) dugc thé hién trong hinh 1, Kkét qua phan tich tin hi€u x(?) boi phuong
phap EMD xem hinh 2.

X?)
b =i

NS}

x, (0
L o

Timels

AN

0

NS}

%0
(=

Timels

Hinh 1. Dang tin hié¢u x(t)
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Hinh 2. Két qua phan tich tin hiéu x(t) bang phwong phap EMD

Theo hinh 2 két qua chi ra rang tin hidu x(z) dwoc phén tich thanh cac IMF,;, IMF, va phan
du u. Dang tin hiéu cua IMF;, IMF> phu hop v6i hinh dang cua tin hiu twong ing x;(2), x2(t). T
két qua minh hoa & trén bang phu:ong phap EMD, phuong phap nay c6 thé ding dé phan tich cac
dang tin hiéu rung dong ciia hop giam tdc trong chan doan hu hong.
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2.2. Phwong phap trich xuét véc to dac tinh hw héng

Khi hop giam tdc dang hoat dong v6i cac hu hong khac nhau, thi cac thanh phan tan sd
cong huong tuong g dugce tao ra trong céc tin hi¢u rung dong, va & d6 nang luong cua tin hi¢u
rung dong thay doi voi su phﬁn b6 tan s6. DE minh hoa cho trudng hop thay doi nay nhu dé cap
o trén, phuong phap en-tré-pi nng luong EMD dugc trinh bay trong bai bao nay.

Néu n IMFs va mdt phan du u, dugc tim ra boi phuong phap EMD dé phén tich tin higu
rung dong x(?) cua vong bi, & d6 nang luong cua n IMFs theo thir ty lan luot 13 E 1, Ea,..., En. Sau
do, theo tinh truc giao cua sy phén tich EMD, tong ning lwong ctia n IMFs bang tong nang luong
cua tin hi¢u goc x(t) khi phan du u, duoc bd qua. Khi d6 cac IMFs ci, ca,..., ¢a bao gom céc

thanh phan tan s6 khac nhau, E = {EI,EZ,...,EH} , tao nén sy phan bd nang luzqng trong mién tan
sO cua tin hidu rung dong vong bi, sau d6 en-tr-pi nang lugng EMD tuong Gmg duoc dinh nghia
nhu sau:
Hyy == pilogp, (10)
i=1
Trong d6 p; = E;/ E 1a phan trim ning luong cua ¢; trong toan by ning lwong (E = Z; E ).

Cac tin hiéu rung dong cua hop giam tdc trong cac trudng hop duge thé hién trén hinh 3a
va 3b. Hinh 4 la cac két qua phan tich tin hiéu rung dong ctia vong bi bang phuong phap EMD
cho truong hop ca trong bi hong. Khi doé cac en-tr6-pi ndng luong EMD cling dugc tim ra theo
bang 1 va 2.

Bang 1. Céc en-tré-pi ndng lugng EMD cua cac loai tin hi¢u hu héng cta vong bi

Binh thuong Hong ca ngoai Hong bi Hong ca trong
1,8489 1,3817 1,2318 1,1256

Bang 2. Céc en-tré-pi ndng luong EMD cua céc loai tin hiéu hu héng cta banh rang

Binh thuong Meé rang Gay rang
2,1175 1,8094 1,5553
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Hinh 3a. Céc dang tin hi¢u rung dong cua vong bi
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Hinh 4. Két qua phan tich tin hiéu rung dong ctia vong bi bang EMD khi hong ca trong

Theo bang 1 va 2, en-trd-pi nang lugng trong trudng hop vong bi va banh rang & trang thai
binh thudng 14 16n nhit so vdi cac truong hop con lai vi khi c¢o hu hong xay ra & vong bi hodc banh
rang, thi cdc thanh phan tan s6 cong huong twong g dugc tao ra, do do, en-trd-pi nang luong ¢6
thé giam boi vi ning lwong phan bd chi yéu trong dai tin cong hudng va dic biét 13 ¢ dai tin cong
hudng cao thi mirc d§ 4nh hudng con nghiém trong hon. Toém lai nang lugng tap trung vao vao dai
tan sb cong huong nhiéu hon va en-tro-pi ning lugng lic déy 6 thé 1a nho nhat.

Tir viéc phén tich trén co sé en-tro-pi ning luong bang phuong phap EMD co ban co thé
phan anh dugce tinh trang lam viéc va cac loai hu hong cua hop giam tbc. Nhu:ng didu d6 1 chua
du néu chiing ta chi dwa vao phuong phap EMD en-tro-pi ning lugng dé danh gia tinh trang lam
viéc cling nhu phan loai hay nhan dang céc loai hu hdng. Chinh vi vay, viéc phan tich, danh gia
didu kién lam viéc ciia hop giam téc chua dung lai & day.
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2.3. Phwong phap chin doan hu héng EMD-BPN

Trong bai bao nay tac gia gidi thiu mot phuong phap két hop gilta xur ly tin hiéu rung
dong trong mién toi gian - tan sb bang phuong phap phan tich EMD két hop véi nhan dang va

phén loai hu hong cua hop giam téc bang mang no ron BP (EMD-BPN). Phuong phiap EMD-
BPN dugc mod ta mdt cach tong quat nhu sau:

Timra cac
thanh phan

Tinh toan Nhén dang tinh

5 trang lam viéc va
Tin hiéu IMFskhi dung nang 1ugng Hugn luyén Al AR
. EMD pha cua cac BEN phén loai hu
90¢ x(Y) AL phain thanh phan hong caa hop
tich tin hiéu

IMFs giam toc

Hinh 5. Luu d6 cta phuong phéap chan doan hu hong hop giam tdc bang EMD-BPN

Chan doan hu hong cua hop giam tdc theo phuong phap EMD-BPN duoc thyc hién theo
cac budce sau:

(1) Chon céc tin hiéu rung dong cta hop giam tdc.

(2) Chon m thanh phan IMFs dau tién trong cac IMFs dugc tim ra bang phuong phap
EMD, cic thanh phan nay chtra thong tin hu hong vurot troi nhat va duge chon dé lam thong sd
dac tinh.

(3) Tinh ning lwong tong E; ctia m IMFs dau tién;

E, =T|cl.(t)|2dt (=1,2,.,m) (11)

(4) Xay dung véc to nang lugng déc tinh T
T =[E,,E,,...E,] (12)

Dé thuén tién cho viéc phan tich va xu ly, gia su:

=(Zm“|5i|2J (13)
Khi do:
=|E /E,E,/E,....E, |E] (14)

Véc to T° 1a véc to don gian hon va dugc goi la véc to dac tinh.
(5) Thu tuc huan luyén mot BPN. S6 dau vao duoc xac dinh boi s6 véc to dic trung 7.
Bing phuong phap thir va sai s6 binh phuong ta thiét 1ap duoc s 16p an. Pau ra duge quyét dinh
boi s6 loai mau hu hong: Dbi v6i banh ring: mau 1 - banh rang binh thuong [1 0 0]; mau 2 - mé
rang [0 1 0]; mau 3 - gdy rang [0 0 1]; d6i voi vong bi: mﬁu 1 - Binh thu:ong [1000]; miu 2 -

Hoéng ca trong [O 1 0 0]; mau 3 - Hong bi [O 0 1 0]; mau 4 - Hong ca ngoal [0 0 0 1]. Sau khi
RBFN dugc huan luyen thanh cong, n6 co thé sin sang kiém tra cac mau dé nhan dang céc tinh
trang/diéu kién 1am viéc va cac loai hu hong khac nhau ciia hop giam tdc (hu hong cua banh ring

va vong bi).
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3. UNG DUNG PHUONG PHAP CHAN POAN EMD-BPN
3.1. Thu thap dir liéu

So d6 thi nghiém mo ta nhu hinh 6, s6 lidu duoc léy ra tr hai cam bién gén trén vo hop s0
tai cac tan s6 30, 35, 40, 45 va 50 Hz & cac tai trong thép va cao voi tan sb léy mﬁufs =200/3
kHz, cac bude iy miu duogc lip lai bon 1an. Tc ké tao ra 10 xung cho mdi vong quay cia tryc
chu dong c6 d6 chinh xac cao, cac dir liéu dugce ldy mau dong bo tir hai cam bién (cam bién 1 va
cam bién 2) [9]. Cac ket qua do duogc luu lai dudi dang *.text, va dung tia la-de dé tao ra cac hu
hong trén bé mat chi tiét. Trong bai bio nay, cac cdp banh ring ring thang duge chon lam d6i
tuong chan doan & ba trang thai: binh thuong, mé ring va giy ring vdi tan s6 lay mau 2048 Hz.
V&i mdi trang thai c6 24 tin hi€u rung dong chia thanh 10 nhém dugc chon ngau nhién lam mau
dé thir nghiém. B¢ dir lidu thi nghiém cta vong bi dugc lay theo cac didu kién: binh thuong,
hong ca trong, hong bi, va hong ca ngoai. V&i mdi diéu kién lay dugc 60 tin hiéu rung dong va
trong 20 nhom ldy ngiu nhién ra bg dir liéu dau vao cho phwong phap EMD-BPN.

3.2. Ung dung phwong phap EMD-BPN trong chin doin hw héng hgp giam toc

Trudc tién, sau khi cac tin hiéu gbc duoc phan tich thanh cac IMFs boi phuong phap EMD,
tam hodc sau IMFs dau tién chira thong tin hu hong chiém wu thé nhit duoc chon va duoc sip
xép tir cao dén thap tir ¢, ca,..., cg; tiép theo tir cac cong thirc (8), (10) va (14) ta tim dugc véc to
dac tinh hu héng 77; cudi cung, cac véc to dac tinh 7~ cta ba trang thai ctia banh rang dugc chon
lam dau vao cho bd RBFN. Lép an gom c6 10 nut mang va c¢6 3 hodc 4 dau ra twong g véi cac
trang thai: binh thudng, hong ca trong, hong bi va hong ca ngoai. Mdi mot mau thir dugc huan
luyén béi 10 mau véi sai s6 dinh trude 1a 0.0001; toc d6 hoc cua thuét toan huin luyén BPN la
0.12 va mang duoc giir cho dén khi hoi ty. Béng viéc 4p dung mang no ron BPN di dwoc huin
luyén cho cac mau thir nghiém, tat ca cac mau thir nghiém da dugc nhan dang thanh cong.

Dé thay rd hon hiéu qua ctia phuong phap EMD trong tién xir 1y cac tin hiéu gbc, trong bai
bao nay EMD dugc so sanh véi phuong phap phan tich wavelet packet. Ap dung phuong phap
wavelet packet ba 16p cho xir Iy cac tin hidu gdc ta chon Daubechies 10 (D10) wavelet base, cac
hé sb cua phuong phép phan tich wavelet packet ciia tam bang tan cta 16p thir ba duoc tim ra, va
duogc tai tao lai thanh mot chudi thoi gian moi.

Banh ring
chu dong

Tryuc chu dong

DPong co dién 1 4
Banh réing trung gian 1

Tée ké » . % 41_10 trung gian

O bi

Cam bién 2

Cam bién 1 "
O bi

Banh réing
trung gian 2
3 6 Tai

- P
Truc bi dong Banh réing bi
dong

Hinh 6. So db thi nghiém [10]
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Bén canh d6 chung cting duogc sap x€p tur cao dén thap ¢y, ca,..

trén, két qua xem trong bang 3a va 3b.

, Cs, va sau d6 nang lugng
cta ching duoc tim ra theo cac cong thirc (8), (10) va (14), cac nang lu:ong nay duogc chon lam
cac véc to dic tinh & huan luyén cho BPN, qua trinh huén luyén BPN dugc trinh bay tuong tu

Bang 3a. Két qua chan doan hu hong banh rang theo EMD-BPN hoic wavelet packet

Tin Phuwong BPN
hiéu phap xu ly Er Ey Es Es E; Es output
(0,9724;
EMD-BPN | 0,9133 | 0,3282 | 0,1730 | 0,1207 | 0,0916 | 0,0553 | 0,0358 | 0,0335 | 0,0211;
Binh 0,0189)
thwong (0,8956;
Wavelet 0,6745 | 0,4537 | 0,3350 | 0,2491 | 0,2301 | 0,2092 | 0,2058 | 0,1592 | 0,0190;
0,2712)
(0,0695;
EMD-BPN | 0,9383 | 0,3398 | 0,0569 | 0,0270 | 0,0090 | 0,0046 | 0,0030 | 0,0024 | 0,9606;
Mé 0,0010)
rang (0,0563;
Wavelet 0,7735 | 0,4255 | 0,3785 | 0,2730 | 0,0559 | 0,0160 | 0,0076 | 0,0066 | 0,7693;
0,4265)
(0,0036;
EMD-BPN | 0,9538 | 0,2487 | 0,1500 | 0,0715 | 0,0267 | 0,0205 | 0,0091 | 0,0015 | 0,0022;
Gay 0,9578)
rang (0,0785;
Wavelet 0,5838 | 0,4502 | 0,4415 | 0,3568 | 0,2750 | 0,2200 | 0,0692 | 0,0645 | 0,3980;
0,7587)
Bang 3b. Két qua chan doan hu hong vong bi theo EMD - BPN hoic wavelet packet
Tin Phwong phap
hiéu xl;’l_)} E] Eg E3 E4 E5 E6 BPN output
) (0,9724; 0,0211;
Binh EMD - BPN 0,9168 | 0,3238 | 0,1735 | 0,1256 | 0,0912 | 0,0560 0,0187; 0,0128)
thwong (0,8956; 0,0190;
Wavelet 0,6749 | 0,4567 | 0,3421 | 0,2487 | 0,2313 | 0,2089 0.2712; 0,1145)
. (0,0795; 0,9606;
z’ong EMD - BPN 0,9456 | 0,3398 | 0,0569 | 0,0270 | 0,0090 | 0,0046 0,0010; 0,0187)
(0,0663; 0,7693;
trong Wavelet 0,7735 | 0,4255 | 0,3785 | 0,2730 | 0,0559 | 0,0160 0.4165; 0,3475)
- (0,0845; 0,0086;
Hong EMD - BPN 0,9376 | 0,2896 | 0,1289 | 0,0275 | 0,0089 | 0,0032 0,9506; 0,0256)
bi
(0,0583; 0,4005;
Wavelet 0,6870 | 0,3562 | 0,2098 | 0,1309 | 0,0575 | 0,0098 0.7583 0,3520)
. (0,0036; 0,0042;
Zlong EMD - BPN 0,9638 | 0,2587 | 0,1560 | 0,0717 | 0,0268 | 0,0210 0,0058; 0,9478)
S, (0,0785; 0,3780;
ngoai | Wavelet 0,5938 | 0,4612 | 0,4515 | 0,3668 | 0,2780 | 0,2219 0,3006; 0,7787)

Mac du hai phuong phap EMD hodc wavelet packet nhu mét bo tién xur ly dé trich xuét ning
lwong cho mdi bang tan nhu véc to dau vao cia mang no ron co thé truy cap dé xac dinh hu hong
ctia hop giam tdc. Theo bang 3a va 3b c6 thé thiy rang phuong phap EMD-BPN tbt hon phuong
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phap wavelet packet c6 su hd trg cia BPN, d6 chinh x4c trung binh ciia phuong phap EMD-BPN
dat 95,80%. Béi vi sy phan tich ciia wavelet packet khong tu thich nghi, cadc thanh phﬁn tan sb
sau phén tich c6 thé khong thay ddi véi cac tin hidu rung dong. Mit khac phuong phap EMD 1a
mot qua trinh tu thich nghi theo ban than tin hi€u, qué trinh phan tich tin hi¢u cta né phu thudc
vao thong tin thay d6i cta tin hiéu va do d6 né nhay hon véi cac dang hu hong ciia hop giam tdc.

4. KET LUAN

Do dic tinh khong 6n dinh ciia cac tin hiéu hu hong banh ring, mot phuong phap chin
doan hu hong dua trén phuong phap EMD va BPN di duoc trinh bay trong bai bao nay. Dau tién,
EMD duoc sir dung dé xir Iy trude cac tin hiéu rung dong khic nhau. Sau d6, BPN duoc sir dung
dé nhan dang diéu kién lam viéc cta hop giam tdc trén co s dir lidu di duoc xir ly Khi tinh
trang lam viéc cua hop giam | tc thay doi, en-tro-pi nang luong EMD ciing thay d6i, diéu nay cho
thdy rang ning lwong ctia mdi thanh phan tan so thay doi khi hop giam tdc lam viéc véi mdi mot
hu hong khac nhau. Do d6, ning luong ctia mi thanh phan IMF duoc 1y lam dic tinh dau vao
cho bo phan loai BPN dé nhan dang tinh trang lam viéc ciia hop giam tdc. Tir viéc phén tich 1y
thuyét va cac két qua thuc nghiém, c6 thé két luan réng

(1) EMD la mét phuong phap xtr 1y tin hiéu ty diéu chinh c6 thé dugc ap dung cho cac qua
trinh phi tuyen va khong 6n dinh mét cach hoan hao.

(2) Su két hop ctia EMD va BPN da nhan dang thanh cong tinh trang lam viéc va cac dang
hu hong ciia banh ring va cung cip mot cong cu chan doan thong minh, hitu ich cac dang hu
hong cta hop giam tdc (banh ring va o bi).

(3) Mang no ron BP di nhéan cac véc to entropi ning lugng cta cac thanh phan tan s6 dya
trén phuong phap EMD lam céac dic tinh dau vao co kha ning nhan dang va phan loai hu hong
ctia hop giam tdc (d6 chinh xac trung binh 95,80%) cao hon so v6i dwa vao phan tich wavelet
packet (d0 chinh xac trung binh 80,04%).
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