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NG DUNG PHUONG PHAP EN-TRO-PI NANG LUONG EMD
TRONG CHAN DOAN HU HONG BANH RANG CO SU HO TRO

CUA MANG NO RON

APPLICATION EMD ENERGY ENTROPY METHOD FOR GEAR FAULT DIAGNOSIS

WITH ASSISTANCE OF NEURAL NETWORK

TOM TAT

Bai béo nay trinh bay mat phirong phap chan doan hu hdng clia banh rang
két hop gitta en-tro-pi nang lvong EMD va mang no ron ANN. Dau tién, tin hiéu
gdc duoc phan tich thanh cac thanh phan IMFs béi phuong phap EMD, sau do
theo khai niém clia en-tr6-pi ndng lwgng EMD thiét Iap durgc cac véc to dac tinh
hir hdng tir mot s IMFs dau tién chira cac thdng tin Ii trdi nhét. Do d6, dé nhan
dang cac hw hong clia banh rang, cac véc to ddc tinh dugc chon lam cac véc to
dau vao clia mang no ron ANN. C&c két qua phan tich tir cac tin hiéu rung dong
clia banh rang (binh thudng, mé réng va gay rang) bang phiong phap két hop
gitra EMD va ANN chi ra réng phuong phap nay ¢d thé nhan dang chinh xc, hiéu
qua cac hu héng banh rang va tdt hon viéc két hop gitra wavelet packet voi ANN.

Tl khoa: Chan doan I6i banh réng; mang no ron nhén tao; phuong phap
EMD; thanh phan IMF.

ABSTRACT

This paper presents a gear fault diagnosis method with the combination of
EMD (Empirical Mode Decomposition) with ANN. Firtly, original vibration signals
are decomposed into some components IMFs (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 indentify gear fault patterns, the feature vectors could
serve as input vectors of artificial neural network (ANN). The analysis results from
gear vibration signals (Normal, Chipped tooth, and Broken tooth) by EMD and
ANN show that the EMD-ANN can identify gear fault patterns accurately and
effectively and is superior to the combination of wavlete packet with ANN.

Keywords: Gear fault diagnosis; Artificial neural network; EMD method;
Intrinsic Mode Function (IMF).
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1. TONG QUAN NGHIEN CUU
Banh rang la thanh phan quan trong trong cac co cau
may chuyén dong quay, ching dugc (¢ng dung rong rai

Lé blrc Hiéu

trong cac nganh cdng nghiép va trong cac phuong tién van
tai. Trong qua trinh banh rang hoat déng cé hv héng xay
ra, cac tin hiéu rung déng ctia banh rang sé c6 cac dac tinh
khong 6n dinh va lam thé nao dé trich xuat thoéng tin dac
tinh 16i tir c4c tin hiéu rung dong khéng 8n dinh 1a van dé
nan giai trong chan doan 16i banh rang. Vi vay, chan doéan
16i chia banh rang da dugc nghién ctu [1, 2]. Hién nay, c6 ba
phuong phap chinh trong chan doan 16i banh rang: phan
tich tin hiéu am, giam sat manh v& (mat) va phan tich rung
dong [3]. Trong do, phuvong phap phén tich tin hiéu rung
dong duoc st dung rong rai hon cad. Trong phan tich tin
hiéu rung dong, hién nay hay st dung cac phuong phap
nhu: phan tich tan sd, phan tich thoi gian va phan tich thoi
gian - tan s6. Trong bai bao nay st dung phuong phap
phan tich thoi gian - tan s6 dé tién xt ly céc tin hiéu rung
dong cla banh rang. Trong mién thoi gian - tan so da cé
nhitng nghién cttu nhu: bién déi nhanh Fourier, phan bé
Wigner-Ville va phéan tich Wavelet [4, 5]. Nhwng cac phuong
phap doé cé nhiéu han ché nhu: chi 4p dung cho céc tin
hiéu tuyén tinh, khdng phai la phuong phap xt Iy tin hiéu
tw thich nghi. Hon nira, cac tin hiéu rung doéng cla banh
rang lai chiu anh hwéng clia nhigu anh hwdng phi tuyén: tai
trong, khe h&, ma sat, dé clrng bé mat... Tém lai, trong diéu
kién lam viéc tong quéat cac tin hiéu rung déng cla cac
banh rang la khéng 6n dinh, phi tuyén nén viéc xac dinh
cac diéu kién lam viéc cta banh rang gdp nhiéu khé khan
khi st dung cac phuong phap truyén théng. Chinh vi vy,
moét phuong phap phan tich tin hiéu méi EMD duogc gidi
thiéu trong bai bao nay gilp chung ta giadi quyét duoc
nhitng han ché cla cac phuong phap truyén théng.
Phrong phap EMD dugc phat trién bdi Wu va Huang [6],
nguyén ly co ban cla phuong phap EMD la phén tich tin
hiéu gbc thanh mot s6 IMFs va mot phan duw u,,

Trong nghién ctu nay, phuvong phdp EMD dugc (tng
dung dé chan doan huw hdng clia banh rang. Dau tién, tin
hiéu rung dong cla banh rang dwgc phan tich béi EMD va
mot s6 thanh phan IMF duoc tim ra, sau d6 phuong phap
en-tr6-pi ndng lugng EMD duoc gidi thiéu, nd cd thé phan
anh duoc diéu kién lam viéc thyc té va cac dang hu héng clia
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banh rdang. Cac en-tr6-pi nang luong EMD cla céc tin hiéu
rung dong khéc nhau chi ra rang nang luvong clia cac tin hiéu
rung déng & cac dai tan khac nhau sé thay déi khi banh rang
xuét hién 16i. D€ nhan dang duoc diéu kién lam viéc cla
banh rang rd rang hon, trong bai bao nay, mang no-ron ANN
(Artifician Nueral Network) da dwgc dung nhuy mot bd phan
loai 16i. & day cac dac tinh nang lvgng da trich xuat tir cac
IMFs duoc dung lam cac véc to dau vao clia bd phan loai 16i
ANN, sau d6 co6 thé nhan biét duoc banh rang 16i va banh
rang binh thuong. BE thay dugc sy vuot tréi clia phuong
phap en-trd-pi nang lwvgng EMD so voéi cadc phrong phap
khéc, n6 dugc so sanh véi phrong phap phéan tich wavelet
va EMD. Céc két qua thuc nghiém cho thay rang phuong
phap chin doan 16i banh rang théng qua phuong phéap
en-tr6-pi nang lvgng EMD két hop véi ANN cé kha nang nhan
dang va hiéu qua cao hon cac phrong phap truyén thong.

2. PHUONG PHAP NGHIEN CUU

2.1. Phrong phap EMD

Phuong phap EMD duwgc phat trién tir gia thiét don gian
rang moi tin hiéu bao gdm cac ché dd ndi tai don gian khac
nhau cla cac dao ddng. MAi ché do tuyén tinh hay phi
tuyén sé co s cac cuec tri va cac diém zero giéng nhau. Chi
c6 mot diém cuc tri gitta cac diém zero k& ti€p nhau. Mbi
ché do cé thé doc lap véi nhitng ché d6 khac. Theo cach
nay, moi tin hiéu c6 thé dugc phan tich thanh mot s6 cac
IMFs va phai théa mén céac diéu kién sau [6, 7]:

(1) Trong toan bd bo s6 liéu, sé diém cuc tri va s6 diém

zero phai bang nhau.

(2) Tai bat ky diém nao, gia tri trung binh cla duong
bao duwoc dinh nghia béi cac cuc dai va cuc ti€u dia
phuong bang zero.

Mdi IMF thé hién mot ché do dao dong don gian so véi
mot ham diéu hoa don gian. Véi dinh nghia nay, moi tin
hiéu x(t) cé thé dwoc phan tich nhuw sau:

(1) Nhan biét tat ca cuc tri dia phwrong, sau do6 ndi tat ca
cac cuc dai dia phuvong bang mét duong bac ba
spline nhu dwdng bao phia trén.

(2) Lap lai budc (1) vai cac diém cuc ti€u dia phuong.
Cac duong bao phia trén va phia duéi co6 thé bao
pht toan b s6 liéu.

(3) Gia tri trung binh clia dwdng bao phia trén va phia
duwéi duoc goi la m, va sy khac nhau gitra tin hiéu x(t)
va m, la thanh phan dau tién h,, né duvoc xac dinh
nhu sau:
x(t)-m,=h, (1)
Ly twéng, néu h, lamot IMF, thi h, la thanh phan dau
tién cla tin hiéu x(t).

(4) NEu h, khdng phai la IMF, gan h, la tin hiéu goc x(t)
va ldp lai cac buéce tir (1) - (3) ta co:

h—m, =h, 2
sau do lap lai bwéc nay k lan, cho t6i khi hy, la mot
IMF, nghia |

hl(k—l) —my =hy ©)
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ti€p theo, n6 duoc dat la
C = hlk (4)

va chon mot diéu kién dirng dwoc dinh nghia nhu sau:
T

2
h,_,—h
-1y M
D, = Q ()

i‘huk—n‘z
t=0

o} day, D, nhd hon mot gia tri dinh trwéc, thdng
thuong D, c6 gia tri tir 0,2 dén 0,3.
(5) Cubicung, tach c, tir x(t), ta co:
n=x(t)-c (6)
u, dugc coi la dir liéu gdc, va bang viéc lap lai cac qua
trinh x& ly & trén, thanh phan IMF thi hai ¢, cla x(t) ¢ thé
dugc tim ra. DE qua trinh trén I1dp lai n 1an, cho dén khi
n-IMFs cua tin hiéu x(t) duoc tim ra, khi d6 ta co:

U, —C, =U,

)

u_,—C =u

n-1 n n

Quaé trinh phan tich tin hiéu x(t) c6 thé dirng lai khi thoa
man diéu kién dirng (5) hodc khi u,, tré thanh mét ham don
diéu va khong thé trich xuat thém IMF tlr n6 nira. Tl cac
phuong trinh (6) va (7) ta cé:

x(t)=Zn:cj+un (8)

Vi vay, viéc phan tich tin hiéu x(t) thanh n-IMFs va mot
phan thang duv u,. Cac IMFs ¢, C,,..., ¢, dwgc tim ra & cac dai
tan khac nhau va duoc sap xép theo thir ty tir cao dén thap.
Dé hiéu rd hon vé phrong phap EMD, ta xét tin hiéu sau:

X (t)=x,(t)+x,(t) 9)
V6i x, (t) =[1+0,5sin (107t) |cos(100t + 30t* );
X, (t) =2sin(407t).

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

Theo hinh 2 két qua chi ra rang tin hiéu x(t) dvoc phan
tich thanh céc IMF,, IMF, va phan du u. Dang tin hiéu ctia IMF,
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va IMF, phu hgp véi hinh dang clia tin hiéu twong irng x,(t) va
x,(t). Tl k€t qua minh hoa & trén bang phwong phap EMD,
phuong phap nay cé thé ding dé phan tich cac dang tin
hiéu rung dong clia banh rang trong chan doan hw hdng.
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Hinh 2. Két qua phan tich tin hiéu x(t) béi EMD
2.2. En-tr6-pi nang lwvgng EMD

Khi banh ring dang hoat ddng voi cac 16i khac nhau, thi
cac thanh phan tan sé cong huéng tuvong (ng duoc tao ra
trong céac tin hiéu rung dong va & dé nang lvgng cla tin
hiéu rung dong 16i thay déi véi sy phan bd tan s6. D& minh
hoa cho trwvong hop thay d6i nay nhw dé& cap & trén,
phuong phép en-tr6-pi nang lvgng EMD dugc trinh bay
trong bai bao nay.

Néu n IMFs va mot phan du u, duoc tim ra béi phuong
phap EMD dé phan tich tin hiéu rung dong x(t) cia banh
rang, & dé nang luong ctia n IMFs theo thi tv lan luot 1a E;,
E,.... E,. Sau d6, theo tinh tryc giao cla sw phan tich EMD [6],
téng ndng Ivong cdia n IMFs bang téng nang lvong cla tin
hiéu géc x(t) khi phan du u, dugc bé qua. Khi d6 cac IMFs ¢,
Cy..., C, bao gbm céc thanh phan tan s6 khac nhau,
E={E.E,....E,}, tao nén sy phan bd nang lugng trong mién
tan s6 cla tin hiéu rung dong banh rang, sau do en-tré-pi
nang lvgng EMD twvong rng duoc dinh nghia nhw sau;

Hey ==Y p;logp, (10)

i=1
Trong d6 p, = E;/ E la phan tram nang lvgng cla c; trong
toan bd néng luong (E=Y_" E, ).
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Hinh 3. C4c dang tin hiéu rung dong ctia banh rang

Céc tin hiéu rung dong cda banh rang trong cac trvéng
hop: binh thwong, mé riang va gay rang dwoc thé hién trén
hinh 3. Hinh 4 la cac két qua phan tich tin hiéu rung dong
clia banh rang bang phuvong phap EMD cho truong hop
rang bi mé. Khi dé cac en-tr6-pi nang lugng EMD ciing
dugc tim ratheo bang 1.

Bang 1. C4c en-tro-pi néng luong EMD clia céc loai tin hiéu 16 khac nhau
Binh thwong Mé rang Gay rang
2,1175 1,8094 1,5553
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Hinh 4. Két qua phan tich tin hiéu rung dong ctia banh rang bang EMD khi
rang bi mé ¢ tan s6 40Hz

Theo bang 1, en-tr-pi nang lvgng trong truong hop
banh rang binh thuwong la I&n nhat so véi cac trudng hop con
lai vi khi c0 16i x@y ra & banh ring, thi cac thanh phan tan s6
cong hudng twong (ng dugc tao ra, do do, en-tré-pi nang
lvong co thé gidm badi vi ndng lwgng phan bé chi yéu trong
dai tan cong hudng va dac biét la & dai tan cong hudng cao
thi miic do anh huéng con nghiém trong hon. Tém lai nang
lwvgng tap trung vao dai tan sd cong hwdong nhiéu hon va
en-tr6-pi nang lwong lGc ddy co thé la nho nhat.

Tir viéc phan tich trén co s& en-trd-pi nang luong bang
phuong phap EMD co ban cé thé phan anh dwoc tinh trang
lam viéc va céc loai 16i ctia banh rang. Nhwng diéu do 1a chua
dd néu chung ta chi dwa vao phuong phap en-tr6-pi nang
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lvgng EMD dé danh gia tinh trang lam viéc cting nhw phan
loai hay nhan dang 16i. Chinh vi vay, viéc phan tich, danh gia
diéu kién lam viéc clia banh rang chua dirng lai 6 day.

3. PHUONG PHAP CHAN POAN HU HONG BANH RANG
TREN CO SO EN-TRO-PI NANG LUONG EMD VA ANN
(EMD-ANN)

Qua viéc phan tich & trén, cac en-tré-pi nang lwgng EMD
cla cac tin hiéu rung ddng cda banh rang voi cac tinh trang
lam viéc khac nhau va cac loai 16i khac nhau da chi ra rang
nang lvgng cta mdi thanh phan IMF thay d6i khi banh rang
xudt hién hv héng. Trong bai bao nay, dac trung nang
lvgng ctia moi thanh phan IMF duoc 18y 1am véc to dau vao
cho bd phan loai ANN, khi d6 tinh trang lam viéc va céc loai
16i ctia banh rang co thé dugc nhan dang mot cach hiéu
qud. Lvu do clia phurong phap chan doan hu hong banh
rang trén co s& EMD va ANN duwgc thé hién trong hinh 5.

Cic thanh phan Tmh todn N dang tsh
A IMF duwoc tim ndng luong 5a s
Tin hiéu vao o ST | Huan luyén trang lam viée vi
1 —p» rakhi ding P cliacic > P i loai 6 cia
! EMD phin tch thinh phn g,
o bénh ring
tin higu x() IMF

Hinh 5. Liru dd clia phuong phép chan doan hi hdng bénh réng bang EMD-
ANN

Chéan doan hu hdng ctia banh rang theo phrong phap
EMD-ANN duoc thuc hién theo cac buéc sau:

(1) Chon céc tin hiéu ctia banh rang trong ba trvéng
hgp: binh thudng, mé rdng va gay rang.

(2) Chon m thanh phan IMFs dau tién trong cac IMFs
duoc tim ra bang phuong phap EMD, céc thanh phan nay
chita thong tin 16i vuot trdi nhat va duge chon dé lam
thong s6 déc tinh.

(3) Tinh ndng lvgng téng E; ctia m IMFs dau tién

E = j|ci @ dt  (i=1,2,..,m) (11)
(4) Xay dyng véc to nang lvgng dac tinh T
T= [El,EZ,...,Em] (12)
DE thuan tién cho viéc phan tich va xt ly, gia st:
m 12
E =[Z|Ei|2j (13)
i=1
Khi dé:
T =[E,/E,E, /E,...E, JE] (14)

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

(5) Tha tuc huén luyén mdt ANN duoc thuc hién bang
céach str dung thuat toan duoc biét phd bién nhat la mang
no-ron lan truyén ngugc (Back-Propagation, BP). S6 dau
vao duoc xac dinh bdi s6 véc to dic trung T'. Bang phuong
phap thir va sai s0 binh phwong ta thiét 1ap duoc s6 16p an.
Pau ra duoc quyét dinh bdi s6 loai mau hw héng: mau 1 -
banh rang binh throng [1 0 0]; mau 2 - mé rang [0 1 0];
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mau 3 - gy rang [0 0 1]. Sau khi ANN duoc huén luyén
thanh céng, n6 c6 thé san sang kiém tra cac mau dé nhan
dang céc tinh trang/diéu kién lam viéc va cac loai 16i khac
nhau cla banh rang.
4. UNG DUNG
4.1. Thu thap vaxt ly sé liéu

So do thi nghiém mo ta nhw hinh 6, s6 liéu duoc lay ra
tlr hai cdm bién gan trén vo hop sé tai cac tan s6 30, 35, 40,
45 va 50 Hz & céc tai trong thap va cao v6i tan s6 ldy mau
f, = 200/3 kHz, cac budc ldy mau duoc 13p lai bén lan. Co
téng s6 560 trevdng hop khac nhau dugc chan doan cho céc
banh rang rang xo&n va banh rang ring thang. T6c ké tao
ra 10 xung cho mdi vong quay cua truc chi déng c6 dd
chinh xac cao, cac dit liéu duoc Idy mau ddong b tir hai cdm
bién (cAm bién 1 va cdm bién 2) [8]. Trong bai bao nay, cac
cap banh ring ring xoan dugc chon lam déi tvgng chan
doan ¢ ba trang thai: binh thwong, mé rang va gay rang voi
tan s6 1dy mau 2048 Hz. Voi mbi trang thai ¢ 24 tin hiéu
rung dong chia thanh 10 nhém dugc chon ngau nhién lam
mau dé kiém tra.

4.2. Ung dung phuong phap EMD-ANN trong chan doan
huv héng clia banh rang

Trude tién, sau khi cac tin hiéu gbéc dwgc phan tich
thanh cac IMFs béi phuong phap EMD, tdm IMFs dau tién
chtra théng tin hu héng chiém wu thé nhat dugc chon va
duoc sip xép tlr cao dén thap tlr ¢, C,,..., Cq; ti€p theo tir cac
cong thic (8), (10) va (14) ta tim dugc véc to dac tinh 16i T
cudi cung, cac véc to dac tinh T' clia ba trang thai ctia banh
rang duogc chon lam dau vao cho bd ANN. Lép 4n gbm 20
n6t mang va c6 3 dau ra twong (ng voi cac trang thai: binh
thuong, mé rang va gy rang. Nhw vay, cdu tric mang ANN
duoc st dung trong bai bao nay gom: dau vao c6 8 nét
mang, 16p &n c6 20 n6t mang va 3 dau ra. Mdi mdt mau thi
duoc hudn luyén bai 10 mau véi sai s6 dinh trude 1a 0,0001;
téc do hoc clia thuat toan huén luyén ANN la 0,12 va mang
duoc gilt cho dén khi hdi tu. Bang viéc 4p dung mang no
ron ANN da dwoc huén luyén cho cac mau thir nghiém, tat
ca cac mau thir nghiém da duoc nhan dang thanh cong.
Nhung do trong khuén kho ctia mot bai bao, & day chi dua
ra két qua nhan dang ctia ba mau thir nghiém (twvong ¢ng
vGi ba mau 16i) trén co s& tien xt ly béi phrong phap EMD,
két qua duoc chi ra trong bang 2.

Banh rang
chii dong

Tr/uc chi dong

Béng co dién

Téc ké —»l/

Cam bién 1

Banh rang trung gian 1

4_uc trung gian
. Z
/

Banh rang
trung gian 2

Cam bién 2

Tai

|
True bi d6ng panp pang b
dong

Hinh 6. So d0 thi nghiém
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Béng 2. Két qua chan doan hi hdng banh rang theo EMD-ANN hodc wavelet packet

Tinhiéu |Phuongphapxily| E; E, E, E, E, Es E, E, ANN output
cinhthaing |20 00133 | 03282 | 04730 | 01207 | 00916 | 0,0553 | 0,0358 | 0,0335 | (0,9624;0,0411; 0,0389)
Wavelet 06745 | 04537 | 03350 | 02491 | 02301 | 02092 | 02058 | 0,502 | (0,8856;0,0290;02712)
— END-ANN 0,0383 | 03398 | 00569 | 00270 | 0,0090 | 0,0046 | 0,0030 | 0,0024 | (0,0895;0.9406;0,0010)
MEIENG 1\ avelet 0.7735 | 04255 | 03785 | 02730 | 00559 | 0,0160 | 0,0076 | 0,0066 | (0,0663;0,7593;04265)
cyrang |0 0,9538 | 02487 | 01500 | 00715 | 0,0267 | 0,0205 | 0,009 | 0,0015 | (0,0036;0,0042;09378)
Wavelet 05838 | 04502 | 04415 | 03568 | 02750 | 0,2200 | 0,0692 | 0,0645 | (0,0785;0,3980; 0,7587)

Pé thdy r6 hon hiéu qua ctia phuong phap EMD trong
tién xt ly cac tin hiéu géc, trong bai bado nay EMD dugc so
sanh voi phurong phéap phan tich wavelet packet. Ap dung
phuong phap wavelet packet ba I¢p cho xt ly cac tin hiéu
gbc ta chon Daubechies 10 (D10) wavelet base, cac hé s6
cla phuong phap phan tich wavelet packet clia tam bang
tan clia lop th ba duogc tim ra va dugc tai tao lai thanh mot
chubi thoi gian méi. Bén canh dé ching ciing duoc sdp xép
tir cao dén thap c,, c,..., cg va sau d6 nang lvgng cla
chdng dugc tim ra theo cac cong thic (8), (10) va (14), cac
nang lvgng nay dwoc chon lam cac véc to déc tinh dé huén
luyén cho ANN, qué trinh huén luyén ANN duoc trinh bay
tuvong tu trén, két qua xem trong bang 2.

Mé&c du hai phuvong phap EMD hodc wavelet packet nhw
mot bd tién xi ly dé trich xudt nang lvgng cho mdi bang
tan nhuw véc to dau vao clia mang no ron c¢é thé truy cap dé
xac dinh hw héng clia banh rang. Theo bang 2 cé thé thay
rang, phuong phap EMD-ANN t6t hon phuong phéap
wavelet packet co sy hd trg clia ANN. Bdi vi si phan tich
cla wavelet packet khong ty thich nghi, cac thanh phan
tan s6 sau phan tich c6 thé khong thay dai voi cac tin hiéu
rung déng. Mat khac phvong phap EMD la mét qud trinh tw
thich nghi theo ban than tin hiéu, qua trinh phan tich tin
hiéu ctia né phu thudc vao théng tin thay doi clia tin hiéu
va do dé né nhay hon véi cac dang hw héng.

5. KET LUAN

Do dac tinh khéng 6n dinh cla céac tin hiéu hv hong
banh rang, mét phuvong phap chan doan 16i dya trén EMD
va ANN da duoc trinh bay trong bai bao nay. Bau tién, EMD
duoc str dung dé xir ly trwde cac tin hiéu rung déng khéac
nhau. Sau dé, ANN duwoc str dung dé nhan dang diéu kién
lam viéc clia banh rang trén co s& dir liéu da dwoc x ly. Khi
tinh trang lam viéc clia banh rang thay d6i, en-tr6-pi nang
lugng EMD ciling thay d6i, diéu nay cho thdy rang nang
lvong cha mdi thanh phan tan s6 thay ddi khi banh ring
lam viéc véi mdi mot hu héng khac nhau. Do do6, nang
lvgng clia mdi thanh phan IMF dwoc 18y lam déc tinh dau
vao cho ANN dé nhan dang tinh trang lam viéc ctia banh
rang. Tt viéc phan tich ly thuyét va cac két qua thuc
nghiém, c6 thé két luan rang:

(1) EMD la mét phwong phéap xt ly tin hiéu ty diéu chinh
co thé dwoc ap dung cho cac qua trinh phi tuyén va khéng
6n dinh mot cach hoan hao.

(2) Sy két hgp ctia EMD va ANN d& nhan dang thanh
cdng tinh trang lam viéc va cac dang 16i hv héng ctia banh
rang va cung cap mot céng cu chan doan théng minh, hiru
ich cac dang hv hédng banh rang.

(3) Mang no ron ANN da nhan nang lvgng cla cac
thanh phan tan s dwa trén phuong phap EMD lam céc déac
tinh dau vao c6 kha nang nhan dang cao hon so voi dua
vao phan tich wavelet packet.
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