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SU DUNG PHEP BIEN POI NEN PONG BQ WAVELET
KET HQP MAY HQC VECTOR HO TRQ PE PHAN LOAI
HU HONG BQ TRUYEN BANH RANG

Nguyén Trong Du'", Nguyén Thanh Hai’, Phung Minh Ngoc’

Tém tit: Bé truyén banh rang dong vai tro quan trong trong viéc bao dam hoat
déng lién tuc, an toan cua may moc va thiet bi. Bat ky mot hu hong nao cua banh
rang ciing anh hwong toi hoat dong binh thuong ciua mdy, dac biét la nhiing bo
truyén banh rang c& I6n. Bai bdo ndy dwa dén mot cdch tiép cdgn mdi va hién dai
trén co s¢ phép bién doi nén cz’ong bg Wavelet (Synchrosqueezed Wavelet Transform
- SWT) va mdy hoc vector ho tro' (Support Vector Machine - SVM) nham muc dich
phat hién va phdn loai hu hong co trong bo truyén banh rang. Tin hiéu dao dong do
dwoc tai vo sé duoc phan tich thanh cac ham dang co so (Intrinsic Mode Functions
- IMF) bang SWT. Tien hanh lay gia tri ddc trung ciia cac ham dang co s¢ dé lam
dau vao huan luyén cdac vector ho tro, tir do phan logi dwoc hw hong ciia banh rang.
Tir khéa: Chén doan k¥ thuat; Banh rang; Phép bién déi nén déng bd; Méy vector hd tro.
1. PAT VAN PE

Tri tué nhan tao dugc ap dung rong réi trong rat nhiéu linh vuc cua doi séng va duoc
xem 1a mét trong cac thanh phéan thiét yeu clia mot nén cong nghiép 4.0. Tir ndm 2007,
mot loat nghién ctru do Rafiee [1] ding dau da nghién ctru vé tmg dung mang no ron trong
chan doan hu hong hop s banh rang kéo dai t6i nhitng nam 2010 [2]. O Viét Nam, nim
2014 tai Bai hoc Bach Khoa Ha Noi da thuc hién nhimg nghién ctru v€ vi€e ing dung tr
tué nhan tao, cu thé 1 mang noron, trong gidm sat va chan doan hu hong banh rang [3].
Tuy nhién, c¢6 nhiéu mé hinh tri tué¢ nhan tao khac nhau voi rat nhiéu tiém nang ung dung
trong giam sat va chan doan ky thuat. Mot trong s6 d6 1a may hoc vector hd trg. Bai bao
de xuat mot quy trinh phén loai hu hong tu dong dua trén su ket hop gilta Nén dong bd
Wavelet va may hoc vector ho trg. Bén canh d6, nhom tac gia cling s€ danh gia sy anh
hudng cua cac tham so toi hi€u qua cla qua trinh tu dong phén loai hu hdng banh rang.

2.COSOLY THUYET

2.1. Phép bién ddi nén dong b) Wavelet

Phép bién d6i Wavelet 1a mot phuong phap phan tich thoi gian — tan s6 pho bién, sir dung
cac ham Wavelet co so v () € L*(R) vaty 18 s dé biéu dién tin hiu x(#) dudi dang [4]:

WT.(z,s) = %Tx(t)y/; (“Tfj dt )

Nham cai thién do phan giai cua phep bién d6i Wavelet nam 2011, L.Daubechies va
cong sy d€ xuat mot phép bién doi dya trén phép bién doi Wavelet duge goi 1a phep bién
d6i nén dong bd Wavelet (Synchrosqueezed Wavelet Transform-SWT) [5].
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Vi cac tin hiéu ¢6 dang:
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Trong d0, x.(t) 1a cac ham dang co s& (Intrinsic Mode Function-IMF). Cac ham nay chi
chira mot dang dao dong don gian mo ta boi mot tin hiéu c6 dai tin hep nén viée tach riéng
cac thanh phan tin hiéu nay bang cic phwong phép phan tich thoi gian - tan s thong
thuong, von c6 do phan giai thap, gap nhiéu kho khan. Tuy nhién, véi phuong phap nén
dong bo, ta ¢ thé tach va phuc hdi cac thanh phan tin hiéu nay [5]:

O~ [ VL, )

v = fe@l<r

Véi R, =27 j CW(E)dS, f,.(f)1a tan s6 tire thoi cia tin higu xy(?), y 1a ngudng
chon trude.
2.2. May hoc Vector hd tro

May hoc vector hd trg 1a mot phuong phap duogc sir dung nhiéu trong linh vuc trong
khoa hoc may tinh, nham muc dich dé phan tich dit li€u, tr d6 phan loai dir li€u vao cac
16p khac nhau. Ban chét ciia thudt toan SVM la di xay dung mot siéu phang (Hyper-Plane)
nham muc dich phan loai dit liéu vao cac 16p khac nhau. Goi siéu phang (H) ma chung ta
can xay dung c6 dang:

@ x+b=0 5)
trong d6, ' 13 vector phap tuyén cua siéu phang, b 1a s6 thuc. Khoang cach tir mdi diém
t6i siéu phang (H) 1a:

(WX, +b| _y,(w'x,+b)

(6)
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Mot siéu phing dugc xay dung can phai cach déu cac tap dit lidu can phan chia va phai
cach chung mot khoang la xa nhat d&€ dam bao ket qua phan loai dat do chinh xac cao nhat.
Do @6, bai toan cta chung ta la can tim cac hé so cua siéu phang (H) thoa man:

i(wrxi+b)—120 @)

Day 1a mot bai toan tim cuc tri c6 didu kién ddu rang budc, st dung phuong phap
Lagrange ta s€ tim dugc gia tri toi vu cho W, b va A. V&1 bg dir liéu 1a phéan biét tuyén
tinh, cac 16p dit li€u kha tach biét nhau, thi phuong phap SVM da trinh bay & trén toé ra kha
htu hi¢u, nhung v6i bo di liéu khong phéan biét tuyen tinh thi phuong phap nay té ra kém
hiéu qua. Bé giai quyet dicu nay, ta can chuyen tap dir li¢u Ién mdt khong gian mdéi ma tai
d6 tap dit lidu tré nén phan biét tuyén tinh dé co6 thé dé dang trong viéc phan loai.

Ta s& st dung mot anh xa @ dé chuyén ddi khong gian tap dir lidu.

x>0 (x)
R’ > R”

Siéu phang trong khong gian méi :

) ®)
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Zn:/ll.yl.CD(xi)TCD(xj)+b:0 9)

Viéc tinh toan truc tiép cac ham @ (x) trén chiéu khong gian méi c6 s6 chidu cao hon
s& mat nhiéu thoi gian va cong strc. D& khic phuc van dé nay, ta s& tinh biéu thirc tich vo
hudng c6 dang d)( ) d)( ) K§ thuét nay c6 tén goi 1a Kernel Trick. Va biéu thic tich
vO hudng c6 tén goi riéng la Ham nhan (Kernel Function).

Khi can phan chia dir liu vao nhiéu l6p khac nhau, (bai toan multi-Class
Classification), ta c6 thé su dung hai phuong phap pho bién 1a: Mot chong lai tat ca (One-
against-all OAA) va Mot chong lai mot (One — Against — One _ OAO).

2.3. X4y dung quy trinh phwong an dé xuat

" oz P e . . !
. j A%
[ Nhip tin hidu diu 1 SEI’ dl%ng SWT -:‘ie Tuzh ‘ann cdc Thfiin

vio x(t) phan tich x(t) thanh > sOdic trung trén
cdc IMF moi IMF
Kiémnghiémva |, Huén luyén cde |, Xy dyng cdc
dénh gid thuat todn | vector bang SVM | vector dac trung

Hinh 1. Quy trinh phdn loai hw héng banh rang bang phwong phdp két hop.

Béng viée st dung két hop phép bién ddi nén Wavelet va Vector may hd trg, nhom tac
gia de xuat quy trinh phén loai hu hong banh rang nhu trén hinh 1. Tin hiéu dau la tin hiéu
gia téc do tai vo hop s6 duge do bang dau do gia tdc voi mot tan sb 1ay mau c¢d dinh, sau
do6 sir dung phép bién d6i nén dong bo Wavelet dé phan tich tin hiéu dau vao thanh cac
IMF. Tién hanh 13y cac tham sb dic trung cua cacs IMF dé xay dung ma trén vector dic
trang. Cac vector dic trung ndy chinh 1 diu vao cia SVM. Cudi cing SVM s& phan loai
cac hu hong trén co so cac vector dac trung cua tin hiéu do duogc.

3.MOQT SO KET QUA PAT PUQC

3.1. M6 hinh thi nghi¢m

Tachometer

Hé thfmg
thu tin hiéu

Hinh 2. M6 hinh thi nghiém (A: mé hinh tong qudt, B: vi tri cam bién gia toc,
C: banh rang bi gay, D: banh rang mon nhe).
M6 hinh thi nghiém duoc mé ta chi tiét nhu trén hinh 2 duge tham khao tir nhiing
nghién ciru cong bo trén mang [2]. M6 hinh dugc xay dung nham muc dich do tin hi¢u dao

228 N. T. Du, N. T. Hdi, P. M. Ngoc, “Sir dung phép bién déi nén ... bp truyén banh ring.”



Nghién ciru khoa hoc cong nghé

dong ctia mot hop sé xe may. Tin hiéu dao dong duogc thu thap thong qua dau do gia tde co
vi tri nhu trong hinh B.

Céc thong sb bao gdm:

- Téc d6 quay cua truc  : 1420 vong/phiit

- Sb ring : 32 rng

- Tan s6 lay mau : 16384 Hz
3.2. Két qua phan tich tin hi¢u

@,

% Budc 1: Phan tich tin hiéu thanh cic IMF bing phép bién dbi nén dong bod
Wavelet:
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Hinh 3. Cac IMF ciia banh rang binh thuong (a), mon nhe (b) va bi gay (c).

% Budc 2: Tinh toan cac tham s dic trung ctuia cac IMF va rat ra cac vector dac
trung.

Nhu ta da biét, c6 nhiéu tham sb dic trung cho tin hi€u nhu la: Gié tri trung binh hi¢u
dung, d6 1éch chuén, hé sé Crest,... O day, ta s€ lya chon 2 tham s6 dac trung chinh cua
tin hi€u la: Nang luong va Hé sb6 Kurtosis. Két qua, ta thu dugc vector dic trung 1a vector
2 chiéu, twong Gmg v6i mdi chiéu 1a Nang lugng va Hé s6 Kutorsis.

Y/

% Budc 3: Str dung SVM dé huan luyén di liéu

Day 1a bai toan phan nhiéu 16p, cu thé 1a 3 16p: Banh ring binh thudng, Banh ring mon
nhe va Banh rang bi gdy rang. Ap dung phuong phap phén loai OAA, ta chon dir liéu cua
mot 16p bat ky trong 3 16p va goi 16p nay la A. Dir liéu trong 16p nay dugc danh dau la 1.
Dt liéu con lai khong thudc 16p nay dugc danh dau la -1. Sau do, tién hanh phan loai di
liéu 1 va -1 véi nhgu, ta s& phan loai dugc lc'rp A tach biét véi hai 16p qc‘)n lai. Lam lan luot
véi dir li€u trong tat ca cac 16p, ta s€ giai quyét duoc bai toan phan nhiéu 16p.

% Budc 4: Panh gia cac yéu t6 anh hudng téi hidu qua phan loai

Trong ndi dung bai bao nay, nhom tac gia s& tap trung danh gia cac yéu t&: ham nhén,
hé so Kernel (Kernel Option) va A.

Qua lgét qua dugc thé hién trong Bﬁng 1, ta théy viéc lya chon ham nhén anh hudéng
16n téi két qua cua viée phan loai ca vé do chinh xac va thoi gian tinh toan. Trong truong
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hop niy, ham nhén Gaussian cho két qua t6t hon nhiéu so véi ham nhan Polynomial.
Trong thuc t€, ham nhan Gaussian cling dugc st dung pho bieén nhat.

Bing 1. Két qud phdn logi SVM giita hai Ham nhan.

Ham nhan Kel:nel J C Do c'hlnh Thoi g}im thuc
option Xac hién
Gaussian 0,1 1077 10° 100% 0,3390 (s)
Polynomial 0,1 1077 10° 33,33% 0,6384 (s)
Bing 2. Két qua phdn loai SVM khi thay doi Kernel option.
Ham nhéan Kernel A C Do chinh Thoi gian thue
option xac hi€én
Gaussian 0,1 10 10° 100 % 0,3445 (s)
Gaussian 1 10 10° 95,56 % 0,3389 (s)
Gaussian 10 10 10° 86,67 % 0,3544 (s)
Gaussian 20 10 10° 82,22 % 0,3570 (s)
Bing 3. Két qua phan loai SVM khi thay doéi C.
Ham nhan Kernel A C Do chinh Thai gian thuc
option xac hién
Gaussian 0,1 10”7 10 100 % 0,3390 (s)
Gaussian 0,1 107 10 100 % 0,3342 (s)
Gaussian 0,1 107 10° 100 % 0,3445 (s)
Gaussian 0,1 107 10* 100 % 0,3387 (s)
Bing 4. Két qud phan loai SVM khi thay doi ).
Ham nhéan Kernel A C Do chinh Thai gian thue
option xac hién
Gaussian 0,1 107 10° 100 % 0,3390 (s)
Gaussian 0,1 10 10° 100 % 0,3445 (s)
Gaussian 0,1 100 10° 73,33 % 0,3564 (s)
Gaussian 0,1 120 10° 68,89 % 0,3581 (s)

Tir cac két qua trén bdng 2, 3, 4, ta thiy tham s6 C khi thay doi khong lam anh huong
nhiéu dén két qua phan loai. Tuy nhién, khi ting cac tham s6 Kernel Option va A do chinh
xac phan loai giam dang ké. Nhu vay, c6 thé thdy viéc lya chon cac tham sé Kernel Option
va A la cuc ky quan trong trong viéc phan loai. Thong thudng, cac tham s6 Kernel Option
va A dugc chon thudng la s6 rat nho. Khi do, ket qua phan loai cua ta s€ dat dugc do chinh
x4c cao va giam thiéu sai 1éch khong mong mudn.

4. KET LUAN

Véi viée két hop phuong phap SVM va phép bién d6i SWT béng cach sir dung cac
vector dac trung, ta co the xay dung mot hé thong giam sat va nhan dang hu hong mot
cach tu dong cho bd truyén banh rang. Hinh 4 1a két qua phan loai ty dong hu hong mot
cach truc quan nhdt ma phuong phap dé xuit cia bai bao mang lai. Qua do thi nay ta c6
thé thiy r& dugc ting ving hu hong trong hdp s6 banh ring. Qua d6 gitp nhitng ngudi lam
k¥ thuat tiét kiém duoc nhiéu thoi gian va cong stic ciing nhu mang lai hiéu qua kinh té k¥
thuat cao. Ap dung hé théng chan doan ty dong cac nha may co thé chu dong trong viéc
bao tri hong hoc va stra chira, déc biét 1a vai cac hop s6 ¢ 1on.

230 N. T. Du, N. T. Hdi, P. M. Ngoc, “Si dung phép bién doi nén ... b truyén binh ring.”



Nghién ciru khoa hoc cong nghé

#+  BINH THUOMNG
+  MON NHE
x  GAY RANG

Kurtosis

Nang luong
Hinh 4. Két qud phan loai hwe hong banh rang bang SVM.
TAI LIEU THAM KHAO

[1]. J. Rafiee, F. Arvani, A. Harifi, & M. H. Sadeghi. "Intelligent condition monitoring of
a gearbox using artificial neural network”. Mechanical Systems and Signal
Processing, 21 (2007), 1746-1754.

[2]. J. Rafiee, M. A. Rafiee, & P. W. Tse. "dpplication of mother wavelet functions for
automatic gear and bearing fault diagnosis". Expert Systems with Applications, 37
(2010), 4568-4579.

[3]. N. T. Du, & N. P. Dien. "Gear fault identification using artificial neural network and
wavelet packet transform”. Proceedings of the 3rd International Conference on
Engineering Mechanics and Automation - ICEMA 3 (2014), 17 —22.

[4]. S. Mallat. "4 Wavelet Tour of Signal Processing": Elsevier (2008).

[5]. I. Daubechies, J. Lu, & H.-T. Wu. "Synchrosqueezed wavelet transform: An empirical
mode decomposition-liked tool". Applied and Computational Harmonic Analysis, 30
(2010), 243-261.

ABSTRACT

CLASSIFYING GEAR FAULTS BY SYNCHROSQUEEZED WAVELET
TRANSFORM COMBINED SUPPORT VECTOR MACHINE

Gear transmissions play an imprtant role in coninuous and safe operation of
machinaries. Any fault in gears has a negative influence on machinaries, especially
large gears. This paper aim to propose a new approach based on Synchrosqueezed
wavelet transforms (SWT) and support vector machine (SVM) in order to detect
and classify gears’ faults. First of all, the vibration signal is decomposed into
different intrinsic mode functions (IMFs) by SWT. Indicators of these IMFs is
then used to train SVM so as to categorise gears’ faults.

Keywords: Vibration diagnosis; Gear transmission; Synchrosqueezed wavelet transform; Support vector machine.
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