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CHAN POAN TINH TRANG KY THUAT HOP SO CO KHi
TREN CO’' SO’ MANG NORON RBF

Nguyén Minh Tién'*, Nguyén Viét Hing', Vii Dirc Manh?

Tém tat: Bai béo trinh bay céc wu viét clia hé théng chan doén st dung céu tric mang noron véi kha
néng “hoc” dé nhan dang céc 16i. Hé théng chan doén két hop véi mang noron sé lam téng tinh khéch
quan ctia két luan chédn doan va phat hién 16i chinh xéc hon. Mé hinh chdn doén phat hién 16i trong hé
théng truyén luc co khi duoc trinh bay lam minh hoa cho phuong phép xay dung hé théng chan doén
mang noron. Phan cubi cta bai bdo dé cap dén kha ning (rng dung clia mang noron trong hé théng
chén doén 16i hép s6 co khi, trén co sé dé cé thé &p dung dé chan doén céac hé thdng tuong tw trén céc
phuwong tién co gidi.

Tir khéa: Chén doan ky thuét; hop sé co khi: mang noron RBF: hudn luyén mang; tinh trang ky thuét.
Diagnosing technical status of the mechanical gearbox on the basis of neural network RBF

Abstract: This paper shows the advantages of a diagnostic system using neural network structure with the
ability to "learning" to identify errors. Diagnostic systems in combination with neural networks will increase
the objectivity of diagnostic findings and detect errors more accurately. The error detection model in the me-
chanical transmission system is presented as an illustration of the method of constructing a neural network
diagnostic system. The last part of this paper deals with the applicability of neural networks in the mechani-
cal gearbox diagnostic system, which can be used to diagnose analogue systems in the vehicle.
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@ 1. Dt vén dé

Trong trang bi k§ thuat xe banh xich st dung réng rai cac hé théng co khi. Cac hé théng nay lam téng
hiéu suat lam viéc clia cac cum, chi tiét co khi. Tuy nhién, do tinh phirc tap ctia hé théng nén viéc danh gia
tinh trang ky thuat (TTKT), phat hién hw hdng g&p nhiéu khé khan. Bé giai quyét van dé nay, cac hé théng
chan doan tw dong, hé théng tw chan doan ngay cang dwoc nghién ciru, st dung va hoan thién. Cac hé
thdng chan doan nay cé thé tich hop trong cung két ciu véi hé théng co dién tir hodc la cac hé théng, thiét
bi riéng ré.

Do tinh phirc tap ctia hé théng truyén Iwc co khi trén xe banh xich, kha nang thu thap dwoc cac thong
sb chan doan han ché [7,2]. Tap thong s chan doan khong nhiéu ma dai bién 1&n, chinh vi vay st dung cac
phwong phap chan doan ky thuat truyén théng nhw chdn doan rung déng, logic mé... chwa dwa ra dwoc két
qua chan doan cé dd tin cay cao. Mang noron RBF ¢é cAu trdc clia ndo ngudi, co kha nang “hoc” da giai
quyét dworc van d& chan doan hé thdng truyén lwc dang co khi trén.

@ 2. Co’ s& ly thuyét
2.1 Khai niém mang noron

Mang noron nhan tao la mé hinh tinh dwoc ciu tao bdi mét sb lwong I6n cac nat (thuwdng duoc goi
la noron) va lién két gitba ching. M&i nit dwoc déc treng mot ham dau ra (ham tich cwe héa) [1,6,5]. Mbi két
ndi gitba cac nut dac trwng bédi trong sé cua lién két dwoc thé hién trén Hinh 1.
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trong do: x, v&ii=12,...... , n la cac tin hiéu dau vao;
w; voi i =1,2,...... , nla cac trong %) twong ng voi
dau vao; Qj la ngwéng kich hoat clia noron j; net, la
tin hiéu téng hop dau vao ctia noron j; f(net) 1a ham
kich hoat; 1z la tin hiéu ra cda noron j.

3 X fnet) =
Pau vao clia noron nhan tao goém n tin hiéu

X voii=1,2,...n. M@i tin hiéu dau vao twong ng voi
mot trong sb W, N6 thé& hién mirc d6 anh hwéng cua
tin hiéu x. dén noron j. Tin hiéu dau vao cia moét
noron c6 thé la div liéu tir bén ngoai mang, hodc dau
ra cla mot noron khac, hodc 1a dau ra cia chinh nd. Nhdm ting kha nang thich nghi ciia mang noron trong
qua trinh hoc, ngwdi ta s dung thém mot tham sb (Bias) gan cho méi noron. Tham sb d6 con goi la trong
sb cla noron, ta ki hiéu trong sb ctia noron thiy j 1a 6,

Hinh 1. Cau tao 1 noron nhén tao

Cac tin hiéu dau vao ctia mdi noron dwoc tbng hop bing mét bd cong, két qua cho ta mot gia tri goi
& net, clia noron th(» j. Ta gié dinh net, 1a ham cua céc tin hiéu x, va céc trong sb w,. Co nhiéu cach dé tinh
tdng tin hiéu vao ctia noron, cé thé 1a [6,3,5]:

net; =xywy Tx,w,; to.tx,w, = éxiwij (1)
hoac nel‘j = max[min(x,, wij)], i=1,2,..., n. (2)
Néu w; > 0 thi noron dwoc coi la dang & trang thai kich thich. Ngwoc lai, néu w; < 0 thi noron & trang

thai kiém ché. Sau khi tdng hop dwoc tin hiéu dau vao net, st dung ham kich hoat f bién dbi net, dé thu
dworc tin hiéu dau ra out.
y, = out, = f(net) 3)
M6t noron bao gébm cac lién két nhan tin hiéu vao bao gébm cac sé thwe x.cung cac trong s6 két nbi
w, twong rng v&i N6, ham F goi la ham kich hoat dé tao tin hiéu ra dwa trén gia tri ham t6ng c6 trong sb clia
cac gia tri dau vao, Y 1a gia tri dau ra cGa noron. Ta c6 thé biéu dién mét noron nhan tao theo cong thire
toan hoc nhw sau:

Y=F(w0+ixiwi) 4)
i=1
s« z
Mang RBF dwoc Moody va Darker dé xuéat Xi !
ndm 1989 dwa trén sw twong ddng gira khai trién —
RBF v&i mang noron mét Iép &n. Kha nang xap xi N

cta cac ham phi tuyén clia mang c6 thé thira nhan x—
ter hai ly do. Mét 14, n6 la mét kiéu khai trién RBF.

Hai 13, né twong dwong véi hé théng mé va 1a mot —
cébng cu x4&p xi van nang. Bac biét mang RBF Gauss

sé la mot kiéu mang “c6 mét sé ngwdi thang”, nén
c6 thé ap dung luat hoc khéng giam sat cia Ko-

honen mé& réng. Piéu nay cé thé giai thich tr cach
suy dién kiéu NEU-THI cta hé théng m& twong
dwong. Mang noron RBF thwéong st dung cu tric 3 16p. Do cac dau ra doc 1ap véi nhau nén cé thé coi
RBF la cau truc MISO v¢&i nhiéu dau vao va mét dau ra. M6 hinh RBF thuéc nhdm mang noron hoc cé
méau: Dap (ng dAu ra clia mang sé ¢ gang “hoc” dap (ng cho sén [3,6,5]. CAu tric clia mang RBF dugc
thé hién trén Hinh 2.

LNdNI
LNdLNo

Hinh 2. Céu tric mang noron RBF

Mang RBF 14 mét loai mang noron nhan tao truyén thdng gdm cé ba I&p. N6 bao gdm n nat cta I6p
dau vao cho vector dau vao x€ER, N noron an (gia tri clia noron an thir k chinh la gia tri trad vé cta ham co
s& ban kinh ¢,) va m noron dau ra. Ddc diém co ban cla mang RBF la st¢ dung ham ban kinh: Ham ban
kinh Ia ham chi phu thudc vao khoang cach Euclide tir di sb x dén mot diém c (goi la tam) cho truéc [3]:

o) =op(|x=c|)= o) (5)
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N 2
o]l r:"x—c": Z(xi—vik)

i=1
Mot s6 ham ban kinh:
- Ham Gaussian:  @(r)=exp(-fr?)
- Ham da thire: o(r) = r’inr
- Khodng cach: o(r) = PP+ B2
trong do: ¢ 1a ham co s& hoac ham kich hoat ciia mang; v* la tam ctia méi ham co s& ban kinh ¢,;
- L&p an dwoc kich hoat twong (rng véi véc to trong sb w = (W, Wy, Wy,ooos W,).

- Lop ra 4y tong cia cac véc to gia tri dau ra z, va véc to trong s6 w,,
C

y=2quq(i:1...n;q=1...C) (6)
gq=1

Uu diém ctia mang RBF 1 thoi gian huén luyén ngén, viéc thiét 1ap rat nhanh va don gian. Mang
RBF c6 thé dwoc huan luyén theo phwong phap binh phuwong téi thidu hodc phwong phap lan truyén nguoc.

2.2 Huan luyén mang RBF

V6i tap mau hoc D = {xl., yﬁj":l} ta phai tim cac tham s6 cGia mang bao gébm: trong s6 W=(w,...w,)", tam
cla cac ham ban kinh C={c,,...c.}, tham sb cla cac ham ban kinh B={3,,...5,} [6,3,5].

Trong thyc té, viéc lwa chon tam va ban kinh téi wu la cbng viéc kha phirc tap. Do vay, ngudi ta
thwong chon tam dang cach déu hodc triing véi mau hoc va cac ban kinh c6 kich thuwéc ddng déu. Sau dé,
ther v&i cac gia tri ban kinh khac nhau dat dén yéu cau tho.

@ 3. 'ng dung mang noron RBF trong phwong phap chan doan tinh trang ky thuat hop sé co khi
3.1 Céc giai doan chan doén tinh trang ky thuat hdp sé xe ting T-55 bang mang RBF

Cac thong sb dau vao sé duoc dua téi cac nat vao clia mang RBF, mang RBF ¢ gang mé phéng
cac ham don tri bat ky bang téng clia cac ham co s& dau ra. Do chinh xac clia phép md phéng phu thudc
vao sw phan biét dau vao. Do vay, hoan toan co thé dat dén do chinh xac bat ky bang cach cung cép sb
lweng mau hoc da Ién. M6 hinh nay sé dwoc ting dung trong cac phan tiép theo dé phan tich cac mé hinh
cAu truc da xay dwng [3,5,6]. So dd hé thdng chan doan véi khau wéc lwong st dung mang RBF dwgc md
ta trén Hinh 3.

Tin hiéu vao Tin hiéu ra

Do:| tu’qr]g Tin hiéu vao Déi fwong Tin hiéu ra
chan doan 2 .
chan doan
bo—
N
Ma&RBF —O Mang RBF
Gia tri
S liéu hoe wéc luong

Hinh 3. So dé hé théng chan doén véi khdu wéc lwong st dung mang RBF

Trén co s& phan tich cu triic mang noron va phwong phap chan doan dwa trén wéc lwong thong sé,
bai bao tap trung dé xuét cAu tric st dung mang noron RBF theo phwong phap wéc lwong thong sb. Trong
d6 khau ddi chirng dwoc xay dung trén co s& wéc lwong thong sb bing mang RBF [3,6]:

Bai toan dwoc thwe hién qua 2 giai doan:

Giai doan 1: Thu thap s6 liéu va luyén mang: Sé liéu dau vao va dau ra cta déi twong dwoc thu thap
va toéng hop lam méu hoc cho mang. Céc trong sé W, dwoc xac 1ap.

Giai doan 2: Cha&n doan: Mang noi suy gia tri ra theo sb liéu vao tir hé théng thwc. Két qua néi suy
dwoc so sanh d& danh gia tinh trang ctia hop sb.

Nhw vay, ta cé thé xac dinh dwoc tap cac thong sé dau vao téi wu cho bai toan nay 1a: Do bn, nhiét
d6, géc quay tron truc bi ddng, lweng mat kim loai, théng sb dau ra 14 tinh trang ky thuat ctia hop sb. Chéan
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doan la qua trinh dwa vao cac biéu hién c6 thé nhan biét dwoc bdng kinh nghiém hay may méc dé phan
doan duwoc “héng héc” cla dbi twong. Triéu chirng chinh 14 nhirng bidu hién gian tiép bén ngoai ciia cac hw
héng bén trong.

D& chan doan dwoc tinh trang k§ thuat hop sé co khi trwdc hét phai phat hién duoc cac thay dbi dién
ra trong qua trinh s dung va sau do xac dinh dwoc anh hwdng clia tivng thay déi dé dén kha néng 1am viéc
ctia hop s6. Hop sb co khi co két cdu gdm cac cum banh réng thwérng xuyén &n khép va dugc quay trén cac
4 trwot, & d& nham thay dbi luc kéo cla xe [2,7,4]. Do d6 nhirng théng sé xac dinh tinh trang ky thuat cla
ching c6 méi lién hé dan xen, bao ham Ian nhau. DPé chon dwoc cac thong sb dai dién ta phai tim ra dwoc
cac thong sb chi yéu cé chira dwng nhiéu thdng tin vé cac thong sé con lai & trong né, hay néi cach khac la
phai danh gia dwoc mirc dd anh hwéng cla cac thong sb.

Trong qua trinh khai thac, st dung & cac don vi, nha may, hop sb co khi thwong xuét hién nhivng hw
héng co ban: Mon banh ring, 6 d&, 6 trugt tir d6 dan dén nhivng triéu chirng thuwdng xay ra trong qua trinh
st dung d6 la: sw thay déi nhiét 6 ctia dau bdi tron, cé tiéng dn trong qua trinh lam viéc, géc quay tron clia
truc bi dong thay ddi, ngoai ra c6 hién twong xuét hién nhidu mat kim loai trong ddu béi tron ting lén [2]. Cac
thong sb vao/ra clia hé théng duoc thé hién trong Bang 1.

Béng 1. Théng sé chén doan hop sé co khi

1T Théng sé vao Ky hiéu Théng sé ra Ky hiéu
1 Goc quay tron cuda truc bj dong (do) Anpha
2 Nhiét d6 dau (°C) Nhiét do i 7 thua
i : Tinh tArang‘ kZ thuat TTKT
3 D5 bn (db) D6 6n hop so (%)
4 Lwong mat kim loai (g) LMKL

3.2 Xay dwng mé hinh chan doan hép sé
kiéu co khi

) L&p output
Cau truc mang RBF Iwa chon cho bai toan
wéc lwgng thong sb cé dang nhuw Hinh 4.

3.3 Chwong trinh chan dodn tinh trang kj Lép an .
thuat hép sé xe tang T-55 @ Radial Basic function

Qua khao sat tai nha may cling nhw & don vj
stra chiva, ta thiy tham sé nhiét do bé}t dé}u thap nhét -
& 40°C twong &ng véi nhiét do khi bat dau st dung. P X
Nhiét d6 cao nhét la 120°C ciing la nhiét d6 cao nhét
khi st dung. Nhw vay tlr nhiét d6 40°C dén 120°C
ta chon 1am thong sb chiva tat ca cac gia tri nhiét 46
can thiét khi st dung hop sb. Vay théng sb nhiét do
nam trong gidi han tir 40°C dén 120°C. Thong sb vé
lwong mat kim loai: (1+10).10g. Théng sb vé do 6n: 8+30 db. Théng sb vé& goc quay tw do cla truc bi déng:
a = (1+4) d6. Mau d& huén luyén mang va mau test dwoc thé hién trong Bang 2, 3.

Vector dac trung .
rng véi 4 tham so

4

Hinh 4. Céu truc mang no ron nhan tao RBF
cho bai toan chén doén hdp sbé co khi
X, - Géc quay tron cua truc bj dong (d9); x, - Nhiét do
déu (°C); x, - B 6n (db); x, - Luong mat kim loai (g).

) L X [ Newrs — o X B Figure 1 - o x

CHUONG TRINH CHAN DOAN TINH TRANG KY THUAT B Performance is 0.972222, Goal is 1 1 G~ Viom: ok _Toch . Ocbimes Wil e
HOP SO XE TANG T-55 ° DSk ALeBDEL- G| 0EH =T

So sénh ket qua chan doan tinh trang xe tang va ket qua thuc te

HUAN LUYEN MANG NORON

Nhiet do: 100

Luong mat kim loai: 8

B
g

Tinh trang ky thuat (%)

Do on. 20

Goc Alpha 4
[ CHAN DOAN | 55

TINH TRANG KY THUAT:68 % 0 2 4 6 8 10 12 " 1% 18 1 Z 3 4 5 6 7 8
18 Epochs Lan do.

Hinh 5. Chuong trinh chan doén ~ Hinh 6. D4 thi muc tiéu huén luyén  Hinh 7. D6 thi mau test khi huén
tinh trang ky thuat hop s6 co khi mang noron RBF luyén mang noron RBF
béng mang noron RBF
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Dénh gia két qua: Sau khi huan luyén mang Bang 2. M4u dé huén luyén mang
véi mau Train va dua mau Test thir ta ¢ TTKT [ ypiat LMKL | D6 én Géc TTKT
(v) = f(x,, X,, X5, X,,....). D@y la ham chuén, t’a cé moét do (oc) (x103g) (db) a(o) (%)
ham TTKT y = ¢, (3(1, X, X, x4,..’..)) ta huan luyén 40 1 8 1 100
m,ang tlre 1a thay doi cac trong sO w,, w,, w,, w,,.... 50 2 9 1 98
dé sao cho muc tiéu ham ¢ — f = 10° (Hinh 5,6).
Trén db thi (Hinh 7) ta thdy & 1an huén luyén the 1, | 1O g 19 L e
gia tri dy doan TTKT (58-85%) va gia thuc t& TTKT 55 ’ 16 2 75
(62-85%). V&i bo sb ligu dé huén luyén mang nhw 90 4 18 3 70
trén dat gia tri gan nhw mong mudn thi véi théng sé 89 8 19 2 67
b4t ky ngau nhién nao dwa vao chay chwong trinh 68 6 12 1 89
mang noron RBF cho ta két qua chan doan TTKT 80 5 14 1 85
con lai ctia hop sé ’dén chu ky stra chiva tiép theo. Vi 95 7 % . 58
du nhiét do hop s6 la 100°C, Ilwgng mat kim loai la
8 x 10%g, d6 6n la 20 db, géc quay cla truc bi dong 66 ! 7 3 2
la 4 do, thi chwong trinh chan doan tinh trang ky 58 2 15 2 80
thuat ctia hop sb con lai la 68% dén chu ky stra chiva 86 6 19 2 67
tiép theo. 105 8 26 3 56
@ 4. Két luan 87 7 13 2 90

Nghién ctru chdn doan tinh trang ky thuat hé 15 9 29 4 53
thdng truyén Iwc néi chung va hop sé co khi néi rieng 1w 6 28 3 52
trén xe tang thiét giap coé y nghia thwc tién nham xac 83 4 22 3 64
dinh tinh trang ky thuat va dw bao hanh trinh dw trie 120 9 30 4 50

con lai clia hop sb trong qua trinh khai thac va st

Béang 3. Mu test
dung xe tang. Bai bao st dung phwong phap mang

no'zon RRBF va cong Rcu I\!euraI’Net‘work Toolb~ox CL,JAa d’;h(':'g) ()I:'IIV(I)IE;) D(z:)n S(Z (; T(-I;AK)T
phan mém Matlab dé chan doéan tinh trang ky thuat
clia hop sb co khi. Ap dung phwong phap trén cé thé 100 ! 21 4 68
chan doan cac hé thdng, co ciu twong tw trén cac 80 5 14 1 81
phwong tién co gidi. 82 6 20 2 70
102 8 27 3 58
Tai liéu tham khao 96 7 25 2 56
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