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CHAN DOAN HU HONG VONG BI BANG PHUGNG PHAP EMD
EN-TRO-PI NANG LUGNG VA MANG NO RON RBF

ROLLING BEARING FAULT DIAGNOSIS USING EMD ENERGY ENTROPY METHOD AND RBF NUERAL NETWORK

TOM TAT

Bai bdo nay trinh bay mgt phuong phap méi trong chan doan hu héng ciia
vong bi két hgp gita EMD en-tr-pi nang lugng va mang na ron RBF. Dau tién,
tin hiéu gdc dugc phan tich thanh cac thanh phan IMFs bdi phuang phap EMD,
sau d6 theo Iy thuyét ciia en-trd-pi nang lugng EMD thiét Iap dugc cc véc to ddc
tinh hu héng tir mdt s6 IMFs dau tién chifa cac thong tin 16i trdi nhat. Do d6, d8
nhan dang cac hu héng cia vong bi, cdc véc to dac tinh dugc chon lam cdc véc to
dau vao cia mang RBF. Cac két qua phan tich tir céc tin hiéu rung dong clia vong
bi (Binh thutng, Hong ca trong, Hang bi, va Hong ca ngoai) bang phuang phap
két hop giiia EMD va RBF chi ra rang phuong phap nay, EMD-RBFN, ¢4 thé nhan
dang chinh xac, hiéu qua cac hu héng cla vong bi va tét hon viéc két hgp gitia
wavelet packet v6i RBFN.

Tir khéa: Chdn dodn 16i vong bi; Mang RBF; phuong phdp EMD; thanh phdn
IMF.

ABSTRACT

This paper presents a rolling bearing fault diagnosis method with the
combination of EMD (Empirical Mode Decomposition) with radial basis function
neural network (RBFN). Firstly, original vibration signals are decomposed into
some components /MFs (Intrinsic Mode Functions) by EMD method, then the
concept of EMD energy entropy is applied to extract feature vectors from a
number of IMFs that contained the most dominant fault information. Therefore,
to identify rolling bearing fault patterns, the feature vectors could serve as input
vectors of RBF network. The analysis results from rolling bearing vibration signals
(Normal, Inner-race fault, Ball fault, and Out-race fault) by EMD and RBFN show
that the EMD-RBFN can identify rolling bearing fault patterns accurately and
effectively and is superior to the combination of wavelet packet with RBFN.

Keywords: Rolling bearing fault diagnosis; RBF network; EMD method; IMF
component.
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1. TONG QUAN NGHIEN CUU

Vong bi la mot trong nhitng thanh phan quan trong cla
cac ¢ cdu may chuyén déng quay, ching dugc ting dung
réng rai trong cadc nganh cong nghiép va trong cac phuong
tién van tai. Trong qua trinh vong bi hoat dong cé hu héng

Lé Puc Hiéu"”

Xay ra, cac tin hiéu rung déng clia vong bi sé cé cac dac
tinh khéng 6n dinh va lam thé nao dé trich xuit théng tin
dac tinh 16i tr cac tin hiéu rung déng khéng 6n dinh 1a van
dé nan gidi trong chan doan 16i vong bi. Vi vay, chan doan
16i clia vong bi da dugc nghién ctu [1-3]. Hién nay, c6 ba
phuang phap chinh trong chan doan 16i vong bi: phan tich
tin hiéu am thanh, gidm sat manh v& (mat) va phan tich
rung dong [4]. Trong dod, phuong phap phan tich tin hiéu
rung dong dugc st dung réng rai hon ca. Trong phan tich
tin hiéu rung dong, hién nay hay st dung cac phuong phap
nhu: phan tich tan s6, phan tich thai gian va phan tich thoi
gian - tan sé. Trong bai bao nay st dung phuong phap
phan tich thai gian - tdn s6 dé tién x{r ly cac tin hiéu rung
dong cta vong bi. Trong mién thoi gian - tan s6 da co
nhing nghién ctu nhu: bién d8i nhanh Fourier, phan bé
Wigner-Ville va phan tich Wavelet [5, 6]. Nhung cac phuong
phép d6 cé nhiéu han ché nhu: chi ap dung cho cac tin
hiéu tuyén tinh, khéng phai la phuong phéap x{ ly tin hiéu
ty thich nghi. Hon nira, cac tin hiéu rung déng clia vong bi
lai chiu anh hudng clia nhiéu anh huéng phi tuyén: tai
trong, khe h&, ma sat, dé ciing bé mat... Tém lai, trong diéu
kién lam viéc téng quat cac tin hiéu rung déng clia vong bi
la khéng én dinh, phi tuyén nén viéc xac dinh cac diéu kién
lam viéc cta vong bi gap nhiéu khé khan khi st dung céac
phuang phap truyén théng. Chinh vi vay, mét phuong
phap phan tich tin hiéu méi EMD dugc gidi thiéu trong bai
bdo nay giup ching ta gidi quyét dugc nhiing han ché cua
cac phuong phap truyén théng. Phuong phap EMD dugc
phét trién bdi Wu va Huang [7], nguyén ly co ban cda
phuang phap EMD la phan tich tin hiéu g6c thanh mot sé
IMFs va mét phan du up.

Trong nghién ctdu nay, phuong phdp EMD dugc Ung
dung @& chan doan hu hdng clia vong bi. Dau tién, tin hiéu
rung déng clia vong bi dugc phan tich bdi EMD va mét s6
thanh phan IMF dugc tim ra, sau d6 phuong phap en-tré-pi
ndng lugng EMD dugc gidi thiéu, né c6 thé phan anh duoc
diéu kién lam viéc thuc té€ va cac dang hu héng clia vong bi.
Cac en-tr6-pi nang lugng EMD cla cac tin hiéu rung déng
khac nhau chi ra rang nang lugng clia cac tin hiéu rung dong
& cac dai tan khac nhau sé thay déi khi vong bi xuat hién 16i.
DPé nhan dang dugc diéu kién lam viéc clia vong bi ré rang
hon, trong bai bdo nay, mang no ron RBF da dugc dung nhu
mot bd phan loai 16i. G day cac déc tinh ndng luong da trich
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xuat t&r cac IMFs dugc dung lam cac véc to dau vao cla bd
phan loai 16i RBFN, sau d6 c6 thé nhan biét dudc cac 16i cla
vong bi. D& thay dugc sy vugt trdi clia phuong phéap en-tro-
pi nang lugng EMD so v&i cac phuang phap khac, né dugc so
sanh vé&i phuong phap phan tich wavelet va EMD. Cac két
qua thuc nghiém cho thay rang phuang phap chan doén 16i
vong bi théng qua phuong phap en-tr6-pi ndng lugng EMD
két hgp vai RBFN c6 kha nang nhan dang va hiéu qua cao
hon cac phuong phap truyén théng.

2. PHUONG PHAP NGHIEN CUU

2.1. Phuong phap EMD

Phuong phap EMD dugc phat trién ti gia thiét don gian
rang moi tin hiéu bao gém cac ché dé néi tai don gian khac
nhau clia cac dao ddng. Moi ché dd tuyén tinh hay phi
tuyén sé c6 s6 cac cuc tri va cac diém zero giéng nhau. Chi
c6 mét diém cuc tri gilta cac diém zero k& ti€p nhau. Moi
ché d6 c6 thé doc 1ap vdi nhiing ché d6 khéc. Theo cach
nay, méi tin hiéu c6 thé dugc phan tich thanh mét sé cac
IMFs va phai thda man cac diéu kién sau [7, 8]:

(1) Trong toan bd béd sé liéu, s6 diém cuc tri va s6 diém
zero phai bang nhau.

(2) Tai bat ky diém nao, gia tri trung binh cla dudng
bao dugc dinh nghia bédi cac cuc dai va cuc tiéu dia phuong
bang zero.

Mbi IMF thé hién mét ché dé dao dong don gidn so véi
mot ham diéu hoa don gian. VGi dinh nghia nay, moi tin
hiéu x(t) c6 thé dugc phan tich nhu sau:

i. Nhan biét tat ca cuc tri dia phuong, sau d6 noi tat ca
cac cuc dai dia phuang bang mét dudng béc ba spline nhu
duong bao phia trén.

ii. Lap lai budc (i) véi cac diém cuc tiéu dia phuong. Cac
dudng bao phia trén va phia dugi c6 thé bao phu toan bd
s6 liéu.

jii. Gid tri trung binh cla dudng bao phia trén va phia
dudi dugc goi la ms, va su khac nhau gitia tin hiéu x(t) va m,
la thanh phan dau tién hy, n6 dugc xac dinh nhu sau:

x(t)-m, =h, (M

Ly tudng, néu h; la mot IMF, thi hy la thanh phan dau
tién cla tin hiéu x(t).

iv. Néu hy khong phai la IMF, gan h; la tin hiéu géc x(t) va
1ap lai cac budc tu (i) - (iii) ta co:

h,—m,, =h,, (2)

sau d6 lap lai budc nay k 1an, cho tdi khi hix 1a mét IMF,
nghia la:

h1(k—1) —my, =hy 3)
ti€ép theo, n6 dugc dat la:
¢, =h, (4)

va chon mét diéu kién diing dugc dinh nghia nhu sau:

2

T
Z‘hmkq) - h1k
_ =0

Dy ==
Z‘hl(k—ﬂ

(5)

2
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& day, D« nho hon mot gia tri dinh trudc, thong thudng
Dy c6 gia tri tir 0,2 dén 0,3.
v. Cudicung, tach ¢; tu x(t), ching ta cé:

n=x(t)-c, (6)

uy dugc coi la dit liéu géc va bang viéc 13p lai cac qua
trinh x{r ly & trén, thanh phan IMF tha hai ¢; cGa x(t) c6 thé
dugc tim ra. D€ qua trinh trén 13p lai n 1an, cho dén khi n-
IMFs cUa tin hiéu x(t) dugc tim ra, khi d6 ta co:

u,—¢ =u,

)
un—l _cn = un
Qua trinh phan tich tin hiéu x(t) c6 thé ding lai khi théa
man diéu kién ding (v) hodc khi u, tré thanh mét ham don
diéu va khong thé trich xuat thém IMF ti né nita. TU cac
phuaong trinh (6) va (7) chiing ta cé:

x(t):zn:cj +u, (8)
=1

Vi vay, viéc phan tich tin hiéu x(t) thanh n-IMFs, va mét
phan thang du u,. Cac IMFs ¢, C,,. .., ¢, dugc tim ra & cac dai
tan khac nhau va dugc sdp x€p theo thir tu tir cao dén thap.
DPé hiéu ré han vé phuong phap EMD, ta xét tin hiéu sau:

X,(t) =2sin(2rft)

X, (t) = 4sin(2xf,t)sin(2xf,t)

X, (t) =sin(2xf,t)

X(t) =X, (£)+x, (1) +x,(t)

Véi:f,=15, ,=10, ;=0,1,and f;= 5.

Dang tin hiéu x(t) dugc thé hién trong hinh 1, két qua
phan tich tin hiéu x(t) b&i phuong phap EMD xem hinh 2.

9)
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Hinh 1. Dang tin hiéu x(t)

Theo hinh 2 két qua chi ra rang tin hiéu x(t) dugc phan
tich thanh cac IMF;, IMF,, IMF; va phan du u. Dang tin hiéu
cha IMF;, IMF; va IMF; pht hgp véi hinh dang cla tin hiéu
tuong Ung x;(t), xa(t) va xs(t). Tu két qua minh hoa & trén
bang phuang phap EMD, phuong phap nay c6 thé dung dé
phan tich cac dang tin hiéu rung déng cta vong bi trong
chan doan hu hdng.
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Hinh 2. Két qua phan tich tin hiéu x(t) bang phuang phap EMD
2.2, En-tr6-pi nang lugng EMD

Khi vong bi dang hoat déng véi cac 16i khac nhau, thi
cac thanh phan tan sé cong hudng tuong Ung dugc tao ra
trong cac tin hiéu rung déng, va & dé nang lugng cla tin
hiéu rung déng 16i thay déi véi su phan bé tan s6. D€ minh
hoa cho trudng hop thay déi nay nhu dé cap & trén,
phuong phap en-tr6-pi nang lugng EMD dugc trinh bay
trong bai bdo nay.

Néu n IMFs va mot phan du u, dugc tim ra béi phuang
phap EMD dé phan tich tin hiéu rung déng x(t) clia vong bi,
& d6 nang luong cta n IMFs theo thi tu lan luot la Ey, Es...,
En. Sau d0, theo tinh truc giao cla su phan tich EMD, téng
nang lugng clia n IMFs bang téng ndng lugng cla tin hiéu
g6c x(t) khi phan du u, dugc bd qua. Khi dé cac IMFs ¢,
Cy..., Cn bao gébm cac thanh phan tan sé khac nhau,
E:{E1,E2, ..,En}, tao nén su phan bé nadng lugng trong

mién tan sé cla tin hiéu rung déng vong bi, sau d6 en-tré-
pi nang lugng EMD tuong Uing dugc dinh nghia nhu sau:

Hen :_Zpilogpi (10)

i=1

Trong dé p; = E/E 1a phan tram nang lugng cla ¢; trong

toan bd néng lugng (E = ;Ei ).

Céc tin hiéu rung déng cla vong bi trong cac trudng
hgp: binh thudng, hdng ca trong, hong bi va hdng ca ngoai
dugc thé hién trén hinh 3. Hinh 4 |4 cac két qud phan tich
tin hiéu rung déng cta vong bi bang phuong phap EMD
cho trudng hgp ca trong bi 16i. Khi d6 céc en-tré-pi nang
lugng EMD cling dugc tim ra theo bang 1.

Bang 1. Cac en-trd-pi nang lugng EMD clia céc loai tin hiéu 16i khac nhau

Binh thuong | Hong cangoai Hong bi Héng ca trong
1,8489 1,3817 1,2318 1,1256
Theo bang 1, en-tr6-pi ndng lugng trong trudng hop
vong bi binh thudng la I6n nhat so véi cac trudng hgp con
lai vi khi c6 16i xay ra & vong bi, thi cac thanh phan tan sé
cong huédng tuong Ung dugc tao ra, do do, en-tré-pi nang
lugng c6 thé gidm bdi vi nang lugng phan bé chi yéu

trong dai tdn cdng hudng va dac biét la & dai tan céng
hudng cao thi muc dé anh hudng con nghiém trong hon.
Tém lai ndng lugng tap trung vao vao dai tan sd céng
hudng nhiéu hon va en-tré-pi ndng lugng luc day co thé la
nho nhat.
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Hinh 4. K&t qua phan tich tin hiéu rung dong clia vong bi bang EMD khi héng
@trong

Tu viéc phan tich trén co s en-tré-pi nang lugng bang
phuang phap EMD co ban c6 thé phan 4nh dugc tinh trang
lam viéc va cac loai 16i clia vong bi. Nhung diéu dé la chua
dd néu chiing ta chi dua vao phuong phap EMD en-tro-pi
nang lugng dé danh gié tinh trang lam viéc cling nhu phan
loai hay nhan dang 16i. Chinh vi vay, viéc phan tich, danh
gia diéu kién lam viéc clia vong bi chua ding lai & day.
3. PHUONG PHAP CHAN POAN HU HONG VONG BI TREN
CO SG EN-TRO-PI NANG LUGNG EMD VA RBFN (EMD -
RBFN)

3.1. Mang no ron RBF

Mang no ron RBF (RBFN - Radial Basis Functions
Network) vai kha ndng tinh todn manh, ciu tric don gian,
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gidi dugc cac bai toan phi tuyén mét cach don gian va cé
d6 chinh xac cao. Cau tric ctia mét RBFN gém c6 ba 16p:
I6p dau vao, I16p an va I6p dau ra, nhu hinh 5.

Hinh 5. Cau triic mang na ron RBF
Téng quat, mét RBF dugc mo ta theo cong thic sau:

x=x[, i=12,...N (1)

Trong mang na ron RBF, thudng dung ham kich Gaussian
chuén vi n6 c6 mé ta don gian, hiéu qua phan tich t6t. Do d6
trong bai bdo nay ham Gaussian dugc dung dé phan loai céc
mau 16i clia vong bi. Cong thuiic c6 dang nhu sau:

¢i (X)=exp{_%J

3.2. Phuong phap EMD - RBFN

Qua viéc phan tich & trén, cac en-tré-pi nang lugng EMD
cla cac tin hiéu rung dong clia vong bi vdi cac tinh trang
lam viéc khac nhau va céac loai 16i khac nhau da chi ra rang
nang lugng cta mdi thanh phan IMF thay déi khi vong bi
xuat hién hu hong. Trong bai bao nay, dac trung nang
lugng clia moi thanh phan IMF dugc lay lam véc to dau vao
cho bd phéan loai RBFN, khi dé tinh trang lam viéc va cac
loai 16i cia vong bi cé thé dugc nhan dang mét cach hiéu
qua. Luu dé ctia phuong phéap chin doan hu hdng vong bi
trén co s& EMD va RBFN dugc thé hién trong hinh 6.

(PJ(X):‘P|

(12)

CI;T Fﬂgzmh ppén T|nhltoan Nhin dang i
Tin higu vio g tim . fdng Juong | Hudn luyén | trang lam viéc v
—p| rakhiding P ciacic > »
() i s RBFN phén loai 16i ciia
EMD phén tich thanh phan vong i
fin higu (1) IMF

Hinh 6. Luu d6 ctia phuong phép chan dodn huhdng vong bi bang EMD-RBFN

Chén doan hu héng cla vong bi theo phuong phap
EMD-RBFN dugc thuc hién theo cac budc sau:

(1) Chon cac tin hiéu clia vong bi trong ba truong hop:
binh thudng, mé rdng va gay rang.

(2) Chon m thanh phan IMFs dau tién trong cac IMFs
dugc tim ra bang phuong phap EMD, cac thanh phan nay
chia théng tin 16i vugt tréi nhat va dugc chon dé lam
thoéng s6 dac tinh.
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(3) Tinh nang lugng téng E; cia m IMFs dau tién;
E = [lc®dt (=12..,m)

(13)
(4) Xay dung véc ta ndng lugng dac tinh T
T:[E“Ez,...,Em]

DéE thuan tién cho viéc phan tich va xt ly, gia sur:

m 12
e~ Ser |
i=1

Khi dé:

T'=[E,/E,E, JE,...E, [E]
(16)

Véc ta T’ la véc to don gidn hon va dugc goi la véc to dac
tinh.

(5) Thi tuc hudn luyén mét RBFN dugc thuc hién bang
cach st dung ham Gaussian chuén. S6 dau vao dudc xac
dinh bdi s6 véc ta dac trung T'. Dau ra dugc quyét dinh bai
s6 loai mau hu hdng: mau 1 - Binh thudng [1 0 0 0; m3u 2 -
Héng ca trong [0 1 0 0]; mau 3 - Hong bi [0 0 1 0]; mau 4 -
Héng ca ngoai [0 0 0 1]. Sau khi RBFN dugc hudn luyén
thanh cong, N6 c6 thé sdn sang ki€ém tra cac mau dé nhan
dang céc tinh trang/diéu kién lam viéc va cac loai 16i khac
nhau cla vong bi.

4. UNG DUNG
4.1. Thu thap va xi ly sé liéu

BO dir liéu trong bai bao nay dugc ldy tai Phong thi
nghiém trong diém cla quéc gia vé Thiét ké va San xuat
than vo xe, Pai hoc H6 Nam, Trung Quéc. So d6 thi nghiém
dugc thé hién trong hinh 7, bao gém déng cg, khép ndi,
rotor va truc vai hai vong bi cau. Cac vong bi la loai 6311.
Thiét bi kiém tra nay phé bién dé kiém tra sy mat can bang,
sai léch, va cac loai 16i. T6c d6 quay clia truc la 25 Hz va mé
men quan tinh phan cuc cla rotor la 0,03 kg.m?2. Thi nghiém
duogc tién hanh & cac gia tri tan s6 lan lugt 1a 420 Hz, 732 Hz
va 1016 Hz, tan s6 lay mau 4096 Hz. Cac hu hdng cla ca
trong, ca ngoai va bi dugc tao ra cé chiéu réng 0,15mm va
chiéu sdu 0,13mm bang laze. B6 di liéu thi nghiém cla
vong bi dugc lay theo cac diéu kién: Binh thudng, Hong ca
trong, Hong bi va héng ca ngoai. V&i méi diéu kién lay dugc
60 tin hiéu rung déng va trong 20 nhém lay ngau nhién ra
bé dit liéu dau vao cho phuong phap EMD-RBFN.

4.2. Ung dung phuong phap EMD - RBFN trong chan
doan hu hdng cta vong bi

Trudc tién, sau khi cac tin hiéu géc dugc phan tich
thanh cac IMFs b&i phuong phap EMD, tam IMFs dau tién
chia thong tin hu héng chiém uu thé nhat dugc chon va
dugc sdp xép tir cao dén thap ti ¢, ¢y, .., Cs; ti€p theo tir cac
céng thuc (8), (10) va (16) ta tim dugc véc to dac tinh 16i T
cudi cling, cac véc to dic tinh T’ clia ba trang thai ctia vong
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bi dugc chon lam dau vao cho bd RBFN. Lép an gém ¢6 10
ndt mang va c6 4 dau ra tuong Uing vdi cac trang thai: binh
thudng, hong ca trong, hdng bi va hong ca ngoai. Moi mét
mau th& dugc huan luyén bdi 10 mau vdi sai s6 dinh trudc
la 0,0001; téc d6 hoc clia thuat toan huan luyén RBFN la
0,12 va mang dugc gilr cho dén khi hoi tu. Bang viéc ap
dung mang no ron RBFN da dugc huan luyén cho cac mau
tht nghiém, tat ca cdc mau thi nghiém da dugc nhan dang
thanh cong. Nhung do trong khuén khé clia mét bai bao, &
day chi dua ra két qua nhan dang ctia bén mau thir nghiém
(tuong Ung v&i bén mau 16i) trén co s& tién xi ly bai
phuong phap EMD, két qua dugc chi ra trong bang 2.
Coupling
S

Rotor
N
HE—H1
I l |'| C
|> Worktable I

Hinh 7. So dd thi nghiém

Pé thay ré6 hon hiéu qua clta phuong phap EMD trong
tién xU ly cac tin hiéu géc, trong bai bdo nay EMD dugc so
sanh vai phuong phap phan tich wavelet packet. Ap dung
phuong phéap wavelet packet ba I&p cho xU ly cac tin hiéu
g6c ta chon Daubechies 10 (D10) wavelet base, cac hé s6
clia phuong phéap phan tich wavelet packet ctia tdm bang
tan cha I8p tha ba dugc tim ra, va dugc tai tao lai thanh
mét chubi thdi gian mdi. Bén canh d6 ching cling dugc
sap xép tur cao dén thap ¢, ..., Cs, va sau dé nang lugng
clia chung dugc tim ra theo cac cong thuc (8), (10) va (14),
céc nang lugng nay dugc chon lam céc véc to dic tinh dé
hudn luyén cho RBFN, qué trinh huan luyén ANN dugc trinh
bay tuong tu trén, két qua xem trong bang 2.

Bearing

Shaft

Driver motor

Bang 2. K&t qua chan doan hu héng vong bi theo EMD - RBFN hodc wavelet
packet

(0,0945;
MD - 0,9406;
agFn |09376]0.2896 0,128 00275 | 0,0089 | 0,0032 /oo
g 0,0256)
bi (0,0683;

Wavelet | 0,68700,3562 | 0,2098 | 0,1309 | 0,0575 | 0,0098 g'zggg’

0,3520)

(0,0036;
EMD - 0,0042;
Rgry |0/9638]0,25870,1560 0,0717 |0,0268 | 0,0210 0,0058;

0,9378)

(0,0785;
0,3980;
0,3006;
0,7587)

Héng
@
ngodi

Wavelet | 0,5938|0,4612|0,45150,3668 | 0,2780 | 0,2219

. | Phuong

hll:lef'u phip | E | E | & | E | E | E ozltVIYlt

; xir Iy P
(0,9624;

WD - 0,0311;

RBEN 0,9168(0,3238 {0,1735|0,1256 | 0,0912 | 0,0560 0,0287:

Binh 0,0128)
thuong (0,8856;
0,0290;

Wavelet |0,6749 | 0,4567|0,34210,24870,2313|0,2089 02712:
0,1145)
(0,0895;

D - 0,9406;

’ RBEN 0,9456 (10,3398 [ 0,0569 | 0,0270 | 0,0090 | 0,0046 0,0010;
@ ;
g 0
Wavelet |0,7735 {0,425510,3785 | 0,2730 | 0,0559 | 0,0160 0’4ZGSC
0,3475)

Mac du hai phuong phap EMD hodc wavelet packet nhu
mét bo tién xu ly dé trich xudt ndng lugng cho méi bang
tan nhu véc to dau vao clia mang no ron c6 thé truy cap dé
xac dinh hu héng cta vong bi. Theo bang 2 c6 thé thay
rang, phuong phdp EMD-RBFN t6t hon phuong phép
wavelet packet cé su hd trg clia RBFN. Bdi vi su phan tich
cla wavelet packet khong tu thich nghi, cac thanh phan
tan s6 sau phan tich cé thé khéng thay déi vdi cac tin hiéu
rung dong. Mat khac phuong phap EMD la mét qua trinh tu
thich nghi theo ban than tin hiéu, qua trinh phan tich tin
hiéu clia n6 phu thudc vao théng tin thay déi cla tin hiéu
va do d6 né nhay hon véi cdc dang hu hong.

5. KET LUAN

Do dac tinh khéng én dinh cla cac tin hiéu hu hdng
vong bi, mdt phuong phap chin doan 16i dua trén EMD va
RBFN da& dugc trinh bay trong bai bao nay. Bau tién, EMD
dugc st dung dé xtr ly trudc cac tin hiéu rung déng khac
nhau. Sau d6, RBFN dugc st dung dé nhan dang diéu kién
lam viéc cla vong bi trén co s& dir liéu da dugc xu ly. Khi
tinh trang lam viéc cla vong bi thay dé&i, en-tré-pi nang
lugng EMD cling thay d6i, diéu nay cho thdy rang nang
lugng clia méi thanh phan tan s6 thay d&i khi vong bi lam
viéc véi méi mét hu hdng khac nhau. Do d6, nang lugng
ctia mdi thanh phan IMF dugc lay lam dac tinh dau vao cho
RBFN dé nhan dang tinh trang lam viéc cla vong bi. TU viéc
phan tich ly thuyét va cac két qua thuc nghiém, cé thé két
luan rang:

(1) EMD la mét phuong phap xU ly tin hiéu tu diéu chinh
6 thé dugc 4p dung cho cac qué trinh phi tuyén va khéng
8n dinh ¢4 d6 chinh xac va hiéu qua cao.

(2) Su két hgp clia EMD va RBFN da nhan dang thanh
céng tinh trang lam viéc va cac dang 16i hu hong clia vong
bi va cung cap mot cdng cu chan doan théng minh hiu ich
cac dang hu hong vong bi. Mang ng ron RBFN da nhan
nang lugng clia cac thanh phan tan s6 dua trén EMD lam
cac dac tinh dau vao cé kha nadng nhan dang cao hon so véi
dua vao phan tich wavelet packet.
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