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TOM TAT

B& bé ndy trih bdy mot phuong phap chan doan hu hong cua banh rang két hop gitra
en-tr&pi nang lugng EMD vamang no ron ANN. Dau tié, th hi¢u goc dugc phan t€h thanh
c& thanh phan IMFs bgi phuong phap EMD, sau do theo kha niém cua en-tr&pi nang lugng
EMD thiét, lap duogc céc véc to dac tinh hu hong tor mot s6 IMFs dau tié chira c& théng tin
[0i troi nhat. Do do, de nhan dang cac hu hong caa banh rang, cdc véc to dac tinh duogc chon
lam céc véc to dau vao cia mang no ron ANN. Céc ket qud phan tEh tor c& th hiu rung
dong cua banh rang (Binh thuong, Mé rang, va Gay rang) bang phuong phap két hop gita
EMD vaANN chi ra rang phuong phap nay c6 thé nhan dang ch mih x&, hiéu qua cac hu hong

banh rang va tét hon viéc két hop giira wavelet packet voi ANN.

Tir khéa: Chan dodn 161 banh rang; Mang no ron nhdn tao; phwong 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).
1. TONG QUAN NGHIEN CUU

Bénh ring lathanh phan quan trong trong cac co cdu méy chuyén dong quay, ching
dugc tng dung rong ra trong c& nganh céng nghiép va trong cac phuong tién van tai. Trong
quatr mh banh rang hoat dong cé hu hong xay ra, c& tn hiéu rung dong cia banh rang sé cO
cac dac tmh khéng 6n dinh, valam thé nao dé tr th xuit thong tin dic tmh 15i tir c& t R hiéu
rung dong khéng 6n dinh 1&van dé nan giai trong chan doan 16i banh rang. Vivay, chan doan
15i ciia banh ring di duoc nghié cau [1, 2]. Hién nay, c6 ba phuwong phéap chinh trong chan
doan 15i banh rang: phan tich tin hiéu &m, gidn s& manh v& (mat) va phan tich rung dong [3].
Trong do, phuong phap phan tich tin hi€u rung dong duoc sir dung rong rai hon ca. Trong
pha tEh th hi¢u rung dong, hién nay hay sur dung cac phuong phap nhu: phan tich tan sb,
phé tTh thoi gian, vaphan tEh thoi gian- -tan sb. Trong ba b&o ndy sir dung phuong phép
phan tTh thoi gian- -tin s6 dé tién xir Iyc& t | hiéu rung dong ciia banh rang. Trong mien thoi
gian-tan s6 di c6 nhirng nghi@ ctru nhu: bién ddi nhanh Fourier, ph&n bs Wigner-Ville va
phan t€h Wavelet [4, 5]. Nhung cac phuong phap dé c6 nhiéu han ché nhu: chi & dung cho
c& th hiéu tuyén tmh, khéng phai 1a phuong phap xir Iyt 0 hiéu ty thich nghi. Hon nira, c&
t . hiéu rung dong cua banh rang lai chiu anh huéng cua nhiéu anh huéng phi tuyén: tai trong,
khe ho, ma sat, o cang bé mit... Tom lai, trong diéu kién 1am viéc tong qué c& t | hiéu rung
dong cua cac banh rang l1a khong on dinh, phi tuyén né viéc x4c dinh cac diéu kién 1am viéc
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ctia banh ring gap nhiéu kho khan khi sir dung cac phuong phép truyén thong. Ch fih vivay,
mot phuong phap phan tich tin hiéu mdi EMD duoc gigi thiéu trong ba b& n&y gidp ching
ta giai quyét duoc nhitng han ché cua cac phuong phéap truyén thong. Phuong phap EMD
dugc phé trién boi Wu vaHuang [6], nguyén 1y co ban ctua phuong phap EMD 1a phan tich
t 1 hiéu goc thanh mot s6 IMFs vamaot phan du un.

Trong nghi@ ciu nay, phuong phap EMD dugc Gng dung dé chan doan hu hong cia
banh rang. Pau tié, t. hiéu rung dong cua banh rang duoc phén t £h boi EMD vamot sé thanh
phan IMF duoc tim ra, sau d6 phuong phap en-tr&pi ning luong EMD duoc gidi thiéu, nGco
thé phan anh dwoc diéu kién 1am viéc thyuc té vacé dang hu hong caa banh ring. Cac en-trépi
niang luong EMD cua c& t | hiéu rung dong kh& nhau chi ra rang ning luong cua c& t® hiéu
rung dong & c& dai tan kh& nhau sé& thay doi khi banh rang xut hién 16i. Bé nhan dang duoc
diéu kién 1am viéc cua banh ring rd rang hon, trong bai bao nay, mang no-ron ANN (Artifician
Nueral Network) dd duoc ding nhu mot bo phan loai 16i. O day cac dic tinh nang lugng da
tr £h xut tir c& IMFs duoc dung 1am cac véc to dau vap caa bd phan loai 16i ANN, sau d6 co
thé nhan biét duoc banh ring 16i va banh ring binh thuong. Pé thdy duoc su vuot troi cua
phuong phap en-tr&pi nang luong EMD so véi cac phuong phap khac, né dugc so séh vai
phuong phap phan tich wavelet va EMD. C& két qua thuc nghiém cho thay rang phuong phép
chan doan 18i banh ring thong qua phuwong phap en-tr&pi ning luong EMD két hop véi ANN
cOkha ning nhan dang vahiéu qua cao hon cac phuong phap truyén thong.

2. PHUONG PHAP NGHIEN CUU
2.1 Phuong phap EMD

Phuong phap EMD duoc phé trién tir gia thiét don gian rang moi t® higu bao gom c&
ché d6 ndi tai don gian kh& nhau cua cac dao dong. MOi ché do tuyén tmh hay phi tuyén sé
cOsd c& cyc tri va cac diém zero giéng nhau. Chi comot diém cuec tri gitta cac diém zero ké
tiép nhau. M&i ché do cothé doc 1ap voi nhitng ché do kh&. Theo c&h ndy, mdi th hiéu co
thé duoc phan t ©h thanh mot sb c& IMFs vaphai thoa man cac diéu kién sau [6, 7]:

(1) Trong todn bo bo s6 liéu, sb diém cyc tri vasd diém zero phai bang nhau.
(2) Tai bat ky diém ndo, giatri trung bmh ciia duong bao dugc dinh nghia béi c& cuc
dai vacuc tiéu dia phuong bang zero.

MJi IMF thé hién mét ché d6 dao dong don gian so véi mot ham diéu hoa don gian.
V6i dinh nghia nay, moi t hiéu x(t) cothé duge phan tich nhu sau:

(1) Nhan biét tat ca cuc tri dia phuong, sau d6 ndi tat ca c& cuc dai dia phuong bang
mot duong bac ba spline nhu duong bao ph & trén.

(2) Lap lai budc (1) voi c& diém cyc tiéu dia phuong. Cac dudng bao ph & tré vaph &
dué6i cothé bao pha todn bo sé liéu.

(3) Giatri trung bhh cta duong bao phia trén va phia dudi duoc goi lamsi, vasu kh&
nhau giira t B hiéu x(t) vam; lathanh phan dau tié hi, né duge xac dinh nhu sau:

x(t)-m =h, 1)

Ly twdng, néu hy lamot IMF, thih; lathanh phan dau tié cua t i hiéu x(t).

(4) Néu h; khéng phai IalMF, gén hy 1atm hiéu gbc x(t) valip lai cac budc tir (1) — (3)

taca
. h—my,; =hy, )
sau do 1ap lai buéc ngy k lan, cho tai khi hik lamot IMF, nghia la:
hL(k—l) —my, =hy, ©)
tiép theo, n6 duogc dit 1a
¢, =hy )

vachon mot diéu kién dimg dugc dinh nghia nhu sau:
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T 2
~ ;‘hl(k—l)_hlk‘
= - -

Z hl(k—l)

t=0
O day, Dk nho hon mét gidtrj dinh truéc, thong thuong Dx cOgidtri tir 0.2 dén 0.3,
(5) Cuoi cung, t&h cy tir x(t), ching ta ca
r=x(t)-c (6)
ur duoc coi ladi ligu goc, vabang viéc I3p lai c& quatrih xit 1y6 trén, thanh phan
IMF thtr hai ¢z cta x(t) cothé duge tim ra. Bé quatr mh trén 1ap lai n lan, cho dén khi n-IMFs
cua tm hiéu x(t) duogc tim ra, khi do ta co:
U —C,=U,

D, (5)

()
u,_,—C,=Uu,
Quatrih phan tEh th hiéu x(t) cothé dung lai khi théa man diéu kién dung (5) hoic
khi un tré thah mot ham don diéu vakhéng thé trth xuat thén IMF tor nGnira. Tu c&
phuong trinh (6) va (7) chiing ta co:

x(t)zznlcj+un (8)

Vivay, viéc phan tEh t A hiéu x(t) thanh n-IMFs, vamot phan thang du un. C& IMFs cy,
C2,..., Cn dugC tin ra ¢ c& dai tan kh& nhau vaduoc sap xép theo thur tu tir cao dén thap. bé
hiéu 6 hon vé phuong phap EMD, ta xét tin hiéu sau:

X(t) =% (t)+x,(t) (9)
V6i x,(t) =[1+0.5sin(107t) |cos(100zt + 307t ); x, (t) =2sin(40zt).

Dang t 1 hiéu x(t) duoc thé hién trong hh 1, két qua phan t Th t| hiéu x(t) boi phuong
ph& EMD xem hnh 2.

2 BEANTIAAFARARAA AN
+

Hh 1. Dang t | hiéu x(t)
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HTh 2. Két qua phén tEh th hiéu x(t) boi EMD

_ Theo hh 2 két qua chi ra rang th hiéu x(t) dugc phén tEh thanh c& IMF1, IMF, va
phan du u. Dang th hi¢u cua IMF1 valMF2 phtihop véi hnh dang cua th hi¢u twong (g xa(t)
vax(t). Tu két qua minh hoa & tré& bang phuong phap EMD, phuong phép nay co thé dCng
dé phan t Th c& dang t 0 hiéu rung dong cia banh ring trong chan doan hu hong.

2.2 En-tr&pi nang lwgng EMD

Khi banh ring dang hoat dong véi c& 16i kh& nhau, thic& thanh phan tan s cong
huong twong tmg dugc tao ra trong c& th hi¢u rung dong, vas d6 néng lugng cua th hi¢u
rung dong 10i thay doi véi sy phan bo tan so. Bé minh hoa cho trudng hop thay doi nay nhu
de cap o trén, phuong phap en-tr&pi ning lugng EMD duoc trhh by trong ba b&o ngy.

Néu n IMFs vamét phan du un duoc tin ra boi phuong phap EMD dé phan tTh t | hiéu
rung dong x(t) ctia banh rang, & d6 nang luong cua n IMFs theo thi ty lan luot |1&Ey, E»,..., En.
Sau d9, theo tinh tryc giao cua sy phan tth EMD - da duoc trinh bgy trong ta li¢u tham khao
so [6], tong nang lugng cua n IMFs bang tong nang luong cua tm hi¢u goc x(t) khi phan du un
dugc bo qua. Khi d6 cac IMFs ci, Ca,..., ch bao gom c& thaoh phan tan so kh& nhau,
E={E,E,....E,}, tao né su phan b ning luong trong mién tan so cua tf hiu rung dong
banh rang, sau d6 en-tr&pi nang lugng EMD tuong ung dugc dinh nghia nhu sau:

HEN = _Z P log Pi (10)

Trong d6 pi = Ei/ E l&phan tram ning lugng cua ci trong todn b ning luong (E = Z

=1 i

C& tn hiéu rung dong cua banh rang trong cac truong hgp: binh thuong, mé rang va
gdy rang duoc thé hién tré& hmh 3. Hih 4 1ac& két qua phén tEh t R hiéu rung dong cua
banh ring bang phuong phap EMD cho truong hop ring bi mé. Khi d6 cac en-tr&pi ning
luong EMD cing duoc tin ra theo bang 1.
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Hmh 3. C& dgng tn hiéu rung dong ciua banh rang
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Hh 4. Két qud ph&n tTh t| hidu rung dong ciia banh rang bang EMD khi rang bi mé ¢ tan s6 40Hz

Theo bang 1, en-tr&pi ning lugng trong trudng hop banh ring binh thuong lalon nhat
S0 V6i cac trudng hop cén lai vikhi cO18i xay ra & banh riang, thic& thanh phan tan s6 cong
huong twong tng duoc tao ra, do do, en-tr&pi nang lwong cOthé giam béi vi nang lwong phén
bé chir yéu trong dai tan cong huong va dic biét 1ad dai tin cong huong cao thimic do anh
huong con nghién trong hon. Tém lai nang luong tap trung va vao dai tan sé cong huong
nhiéu hon va en-tr&pi nang luong lic day cothé lanho nhat.

Tir viéc phan tich trén co s& en-tr&pi nang luong bang phuong phap EMD co ban cO
thé phan anh duoc thh trang 1am viéc vaca loai 13i cua banh rang. Nhung didu d6 1a chua du
néu ching ta chi dwa vao phuong phap en-tr&pi ning lugng EMD dé danh gi tinh trang 1am
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viéc ciing nhu phan loai hay nhan dang 13i. Ch fih vivay, viéc phan tich, danh gia diéu kién
lan viéc cua banh rang chua dung lai ¢ day.

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

Qua viéc phé&n tTh ¢ trén, c& en-tr&pi nang lwong EMD cua c& th hiéu rung dong cua
banh ring v6i c& thh trang 1am viéc kh& nhau vacé loai 16i khac nhau di chi ra ring nang
lwong ciia mdi thanh phan IMF thay doi khi banh rang xuét hién hu hong. Trong bé béo ndy,
dic trung ning luong caa mdi thanh phan IMF duoc ldy 1am véc to dau va cho bo phén loai
ANN, khi d6 tinh trang 1&m viéc vac& loai 15i cua banh ring c6 thé dugc nhan dang mot
c&h hiéu qua. Luu d6 ctia phuong phap chan doan hu hong banh ring trén co s EMD va
ANN duoc thé hién trong hh 5.

Cﬂaiz Fthdémh plpén 'I: nhltoal Nhan dang tinh
A uoc tim nang luong £ . ¢ 1am viee va
Tin hiéu vao ra khi dtng | cimcic | Huén luy¢n | faljg am v;;c }/a
X(t) P N \ ANN : phén loai 16i ctia
EMD ph& tth thanh phan (s
A banh rang
tin hiéu x(t) IMF

H®h 5. Luu d6 ciia phiong phdp chan dodn hie hong banh rang bang EMD-ANN

Chén doan hu hong cua banh rang theo phuong phap EMD-ANN duoc thyc hién theo
cac budc sau:

(1) Chon c& tm hiéu ctua banh rang trong ba truong hop: binh thuong, mé rang va gay
rang.

(2) Chon m thanh phan IMFs dau tié trong c& IMFs duoc tin ra bang phuong phap
EMD, c& thanh phan ndy chtra théng tin 131 vuot troi nhat va dugc chon dé 1am théng sb dic
tmh.

(3) Tinh ning luong téng Ei cia m IMFs dau tién;
E=[lc@fdt (i=12.,m) (11)

(4) X& dyng véc to nang luong dac tmh T
T =[E.E,.....E,] (12)

Pé thuan tién cho viéc phén t £h vaxa 1y, gia sir:

E :[i|Ei|2j (13)
Khi do:
T =[E/E,E,/E,...E,/E] (14)

Véc to T’ 1a véc to don gian hon va dugc goi la véc to dac tmh.

(5) Thu tuc huan luyén mot ANN duoc thuc hién bang c&h st dung thuat toan dugc
biét ph bién nhat 1amang no-ron lan truyén nguoc (Back-Propagation, BP). Sé dau vao duoc
xéac dinh boi s6 véc to dic trung 7°. Bing phuong phap thtr vasai s6 binh phuong ta thiét 1ap
duoc s6 16p an. Pau ra duoc quyét dinh boi s6 loai mau hu hong: mau 1 - banh ring binh

6
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thuong [1 0 0]; mau 2 - mé rang [0 1 0]; miu 3 - gdy rang [0 0 1]. Sau khi ANN duoc huan
luyén thanh céng, ndcothé sin sang kiém tra c& mau dé nhan dang c& thh trang/diéu kién
lam viéc vac& loai 16i kh& nhau cta banh rang.

4. UNG DUNG
4.1 Thu thap vaxir lysé ligu

S0 do thiinghiém mota nhu hinh 6, s6 liéu duoc lay ra tir hai cam bién gan tré vo hop
sO tai c& tan s6 30, 35, 40, 45 vab0 Hz ¢ cép taj trong thap vacao véi tan so lay mau fs =
200/3 kHz, cac budc lay mau dugc 13p lai bon lan. COtong so 560 truong hop kh& nhau
duoc chan doan cho c& banh ring ring xoan va banh riang rang thang. Toc ke tao ra 10 xung
cho moi vang quay cua truc chi dong co d6 chh x& cao, c& dir liu dugc lay mau dong bo
tur hai cam bien (cam bien 1 vacam bien 2) [8]. Trong ba b&» ngy, c& cap banh rang rang
xoan dugc chon lam doi twong chan doan ¢ ba trang thai: binh thuong, me rang va gy rang
v6i tan so lay mau 2048 Hz. V6i moi trang tha c624 th hi¢u rung dong chia thanh 10 nhdm
dugc chon ngau nhié& lam mau dé kiém tra.
4.2 Ung dung phwong phap EMD-ANN trong chin do4an hw héng ciia banh ring

Trudc tié, sau khi c& th hiéu gbc dugc phan tTh thanh c& IMFs boi phuong phap
EMD, tan IMFs dau tié chira thong tin hu hong chiém wu thé nhat duoc chon va duoc sip
Xép tir cao dén thap tir c1, Co,..., Cs; tiép theo tir c& céng thic (8), (10) va(14) ta tim duoc vée
to dac tmh 18i 77; cudi cing, cac véc to dic tmh 7” cua ba trang th& cua banh ring dugc chon
lam dau vap cho bo ANN. Lop an gom 20 nét mang va c6 3 dau ra twong tng Véi c& trang
thai: binh thudng, mé rang va gay rang. Nhu vay, cau trdc mang ANN duoc st dung trong ba
b&» n&y gom: dau vao co8 nét mang, lép an ¢620 nét mang va3 dau ra. Mdi mot mau the
dugc huan luyén boi 10 mau véi sai s6 dinh truéc 1&0.0001; tée do hoc cua thuat todn huan
luyén ANN 120.12 vamang duogc giit cho dén khi hoi tu. Bang viéc & dung mang no ron
ANN di duoc huan luyén cho c& mau thir nghiém, tat ca c& mau thir nghiém da duoc nhan
dang thanh c6ng. Nhung do trong khuén khé cua mot bé béo, & day chi dua ra két qua nhan
dang cua ba mau thir nghiém (twong @ng véi ba mau 18i) trén co so tién xa 1ybaoi phuong
phé EMD, két qua duoc chi ra trong bang 2.

Banh rang
chu dong
A Tr/uc cha dong
Pong co dién »
Banh rang trung gian 1 .
/ . O bi
Tée ké . ./ Truc trung gian
> \_n L ,
. Cam bién 2
Cam bién 1 g
o Banh rang
O bi trung gian 2
] 3 q m—  Tai
Truc bi dong Banh rang bi

dong

HTh 6. So d6 th inghiém

Dé thiy rd hon hiéu qua ciia phuong phap EMD trong tién xir Iyc&e th hiéu goc, trong
bai bao nay EMD dugc so séh véi phuong phap phén t Th wavelet packet. Ap dung phuong
phép wavelet packet ba Iop cho xu Iycée th hiéu gbc ta chon Daubechies 10 (D10) wavelet
base, c& hé sb cua phuong phap phan tich wavelet packet ctia tdm bang tan cua 16p thir ba
duoc tim ra, va duoc t& tao lai thanh mot chudi thoi gian méi. Bé canh d6 chung ciing duoc
sap xép tir cao dén thap c1, Ca,..., Cs, va sau d6 ning luong cia ching duoc tin ra theo c&
céng thire (8), (10) va(14), cac ning luong nay duoc chon lam cac véc to dic tinh dé huin
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luyén cho ANN, quatrih huin luyén ANN dugc trinh bay twong tu tré, két qua xem trong
bang 2.
Bang 2: Két qua chan dodn hu hong banh rdng theo EMD-ANN hogc wavelet packet

T higu g::g;’:ily E1 E2 Es E4 Es Es = Es ANN output
EMD- (0.9624, 0.0411,
- RV 0.9133 | 0.3282 | 01730 | 01207 | 0.0916 | 0.0553 | 0.0358 | 0.0335 | oot
thuwon
9 | Wavelet | 06745 | 04537 | 0.3350 | 0.2491 | 0.2301 | 0.2002 | 0.2058 | 0.1592 8025;8152? 0.0290,
EMD- (0.0895, 0.9406,
RV 0.933 | 0.339 | 0.0569 | 0.0270 | 0.0090 | 0.0046 | 0.0030 | 0.0024 | ">
Mé ring
Wavelet | 0.7735 | 0.4255 | 0.3785 | 0.2730 | 0.0559 | 0.0160 | 0.0076 | 0.0066 80;102%%:;" 0.7593,
EMD- 0.9538 | 0.2487 | 0.1500 | 0.0715 | 0.0267 | 0.0205 | 0.0091 | 0.0015 | (2:0036,0.0042,
oy ANN 0.9378)
ran
8 Wavelet | 0.5838 | 0.4502 | 0.4415 | 0.3568 | 0.2750 | 0.2200 | 0.0692 | 0.0645 607%78% 0.3980,

Mic ddihai phurong phap EMD hodc wavelet packet nhu mot bo tién xir 1y dé tr Eh xuét
nang lwong cho mdi bang tan nhu véc to dau vap ciia mang no ron cé thé truy cap dé xac dinh
hu hong cua banh ring. Theo bang 2 cHthé thdy rang phuong phap EMD-ANN tét hon
phuong phap wavelet packet cOsu ho trg cia ANN. Boi visy phén tTh cia wavelet packet
khéng ty th €h nghi, c& thanh phan tan s6 sau ph&n t€h cOthé khong thay doi voi c& th
hi¢u rung dong. Mat khac phuong phap EMD la mot quatr mh ty th ©h nghi theo ban than tm
hiéu, quatrinh phan t€h t ® hiéu caa ndphuy thudc vao thong tin thay doi cua t i hiéu va do d6
nOnhay hon véi c& dang hu hong.

5. KET LUAN

Do dic tmh khéng 6n dinh cua c& t i hiéu hu hong banh ring, mot phuwong phap chan
doan 15i duwa trén EMD va ANN d3 duoc trinh bay trong bai bao nay. Pau tién, EMD duoc st
dung dé xir 1y trudc c& th hiéu rung dong khac nhau. Sau d6, ANN duoc sir dung dé nhan
dang diéu kién 1am viéc cia banh ring trén co so dir liéu da duoc xur Iy Khi thh trang 1am
Viéc ctia banh rang thay ddi, en-tr&pi nang lugng EMD ciing thay d6i, diéu ndy cho thay rang
nang luong caa mdi thanh phan tan sb thay d6i khi banh rang 1am viéc véi méi mot hu hong
khac nhau. Do d6, niang luong cua mdi thanh phan IMF duoc liy lam dic tinh dau vao cho
ANN dé nhén dang thh trang 1am viéc cua banh rang. Tir viéc phan t€h lythuyét vacé két
qua thuc nghiém, cothé két luan rang:

(1) EMD lamét phuong phap xur Iyt i hiéu tu diéu chinh cothé duoc & dung cho c&
quétrih phi tuyén vakhéng 6n dinh mot c&h hoan hao.

(2) Su két hop cia EMD va ANN di nhan dang thanh céng thh trang 1am viéc vacé
dang 16i hu hong ciia banh ring va cung cap mot céng cu chan doan théng minh, hitu Th c&
dang hu hong banh rang.

(3) Mang no ron ANN di nhan ning luong cua c& thanh phan tan sé dya tré phuong
phé EMD lam céc dic tinh diu vao cOkha nang nhan dang cao hon so véi dwa va phan t h
wavelet packet.
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