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MA.NG NO RON NHIEU LOP VOI THU~T ToAN HOC TREN
CO SO LOC SIEU KALMANMO RONG

vu NI-IV LAN - vu CI-IAN I-lUNG - DA,NG THANH PHU

Abstract. New learning algorithm is suggested for computing the weights of the multi layer neural networks.

1. DAT BAI TOAN

Mang 110'ran nhan tao duoc thiet ke the 0 nguyen tac nrong nr no ron sinh h9C va eo kha nang giai
quyer hang loat bai roan nhu nhan dang anh, mo hlnh hoa, dieu khien cac d6i nrong phi tuyen ...

Quri rrinh h9C CLJamang no ran nhieu lop 1Ineo the duce thuc hien bang nhieu thuat roan khac nhau
nhir cric rhuat to.in lan truyen nguoc (back-propagation algorithm) cac rhuat roan di truyen (genetic
algorithm) hoac cac thuat roan rim kiem ngau nhien ...

Qua trinh hoc la qua trlnh xtic dinh cue trong s6 lien ket t6j uu cua mang no ran. Trong dieu kien
eo girim srit (supervisor), tieu chuan h9C eo dang:

I 111

- LQ(C:(W,k»
m k=1

(1.1 )

trong do:
W - vecto trong s6 mang

k- thoi diem xunt tin hieu tai lop ra cua rnang
Xet J11,~ng110'ran \1 16'p sau day:

( 1.2)

Trong do
L = [ul, u~, ... , uNtO))- v - vec to vao

e(O) = [U(I· ", LiI, ", , CII NIO))jI - vec to' vac tai lap dau tien
l}~ll = [VIM. 11,VIM. ~), , yl~: .,,\I))f vec to' ra t~1 lap M
ylr) = [Y'': 11, y(1. ~), ... , U" Nlr))jI _ vec to' ra tai lop fin r

(Ua)
( I.2b)
( I.2c)
( I.2d)

r= I,(M-I)

V6'i; 1'(\1) - s6 no ron tai lap ra NI

~(r) - s6 no ron tai lap fir. r
N (0) - s6 no ron tai lap vao

Vecro trong so lien ket to an mang no ron:
W = [W(I), vr». ..., WII) .. W(M)]T ( l.2e)

Trong do:
WII) - vec to' trong so lien ket cua lcp r

a clay:
WIn = [Wlr, I), w(r. ~), ... , Wlr. '', ... Wlr. N(M»jI (1.2f)

voi
( 1.2g)
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cac rhanh phan W' ,j' j = I,N(r -I) - la rrong so lien ker cua no ron thu j, j = I, N(r - I) cua lap

(r-I) den no ran tlur i cua 10'j1r.

Sa do hinh I duoi day mo tU mang no ron \11&p dang (1.2).

Tieu chuan hoc Q phu thuoc vao vec to' sai so E(W,m):

E(W,k)=y(~IJ(k)-Y·(k) (1.3)

Trong do:

yt\lI(k) _ vec to dau ra rai Thai diem k, m = I, k

y' (k ) - vec to' giam sat tai Thai diem k

Lo'P I Lap (r-I )

U (1,1) , Y (1,1)

=~>CJ---.'"
Lap r

Y (1'.1)

Lap M

Y(M,I)

==eJ--.

u
~

Y (M,l)

~
L (1,2) Y (1,2)
=~~ ...

L(I,'\(I» Y(I,~(l»

=~>CJ---.'"
Y (\1,'\ (\1»

==eJ--.
Hinh 1. Sa d() mang no ron M lOp dang (1.2)

Thong tlurong rieu chuan hoc Q eo dang blnh plurong:

Q(E(W, k)) = ET(W, k) SE(W, k) (lA)

voi S la ma tran xac diuh dU011g.

TLt nhirng nam 90, nhieu thuat hoc d;} slr dung lac Kakmnn me rong toi uu hoa qu.i trinh hoc
[2,3,4). L'u vier CLIa lac Kalman ma rong the hien a toe do hoi t,.: va d9 chfnh xtic cua iroc IU011g trong so
lien ket.

LQc Kalman mo rong cling eo th~ diroc phat rrien rren eo sa IQCsieu Kalman [I J nham nang cao
chat ILCQ'Ilg bai to an loc voi trang Thai mo- rong. Tir do eo the nang cao chnt lU011g dtinh giri rrong so lien ker
111[mg no ron.

2· THU~ T ToAN HOC VG. U)C KALMAN MO R<)NG.
Mang ne ron nhieu lap phan hoi xay dung tir (1.2) eo th~ bieu dien diroi dang sau:

Y(k+ I) = f(Y(I), W(k), V(k» (2.1)

Luu Y rang:
Y = [y(~'I),y(rJ] (2.1a)

f= f\lJ(t'~I-IJ( ...(t'I) () )... ))

Trong so W eo the vier dLC6'i dang:

c.n»

W (k+ I) = W(k) (2.2)

Kh i do Y (k ) la vec to' klch hoat ca i\ cua tat ea ctic no ron tai Thai di~111 k.
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Wtk ) - vec to' cric trong so lien ket cua toan mang tren eo siJ (J .2e) .;-(1.2g) thu dtroc:

W (k) = [Will' Wll~' ... WIIN(OI' WI~I' WI~~, ... , WI~"IO)' .... W
I
"II)I' WIN(II~' ... WINII)N(O)

W~III' W~\1"'" W~IIN(~II' ... W\I"I~III' WM~(~1)1"'" W
1
N1\IINIM_II] (2.2a)

iJ day vec to W(k) <':0ca ;\(w):

M

~(w)= LN(j)N(j-l) CUb)
j;1

1\1

T6ng so dilu ra cua t,\t ea cac lop ~(w) = LN(r) la (2.2c)
j=1

Utk) - vec to vao t•.ii thoi diem k dang (1.2a)

Xlur vay mang no ron phan hoi (2.1) eo N(o) dall vao, ~(w) trong s6 lien ket, :'I/(Y) dau ra cua cric
lo'p trong do eo ;\(\1) dall ra cll<l mang.

D6 sir dung 1<;><.:Kalman mo rong can phai xay dung trang thiii mo' rong nlur sau:

X(k) = [:~:»] (23)

vec to X <':0ca \"(Y) + ]'\(\1)

Do \(M) < !'\(Y) nen vec to' quan stit Z rai 101' ra voi ;\(Y) no' ron eo th6 bieu dien theo trang tluii
moi (2.3) tai thoi diem k voi nhieu qllan sat V,.(k).

Z(k) = [y(~1 'I(k), y'~1.1)(k l.... , yl\1. !\(~II)(k), 0, 0, ..., 0] + Vz<k)

hoac:

trong do:
Hik) = [I,O.Or (2.4a)

Vz(k) - ;\(O,R(k» (2.4b)

Ma trtlll 0 tlur nhut trong bieu tlur« \2.4a) bieu dien d~e tnrng quan sat dau ra tai cric 101' £n Y'':

"iI'\k),r= \,M-\

Mu tran 0 thtr hai trong bieu thirc (2.4a) bieu dien dac tnrng qllan sat d6i voi cac trong so lien ket
mango

\"Iur vay phuong trinh trang thtii mang no' ron phan h6i eo dang:
-

Xtk + I) = f (xtk), ll(k)) (2.5)
trong do

(2.5a)
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-
satl khi tuyen tfnh hoa ham f theo trang thai X tren CO' so phan ril ilK(, chuoi Taylor lan can uoc

hrong rrang Thai x" ta eo:
X(k+ I) = A(k)X(k) .l. tT(k) (~.f)

trong do:
- I

8f J l:U,:\l
A(k) = oX(k)IX(K)::::X/\(k I k)

of i X" (k / k)
f(x/\ (k / k), ut k )-aX(k)i X( K)= XI'. (k / k)U (k) = !.!.f:b)

phirong rrinh quan sat (2.4) tai thoi diem (k+l ):

Z(k+I)=H(k+I)X(k+l)+V/k+l) (2.7)

thuat roan hoc dua tren 19c Kalman 1110 rong voi he (2.6) vu quan sat (2.7) eo dang sau:

X"Ck + I/k + 1) = X"(k + l/k) + K(k)[Z(k + I) - H(k + I)X"(k + I/k») (2.8)

x-« + I/k)= f (X"(k/k), u(k)) = A(k)X"(k/k) + lJ(k) (2.9)

voi X(O) = X"(O/O)
K(k+ 1)=P(k+ l)HT(k+ 1)[H(k+ I)P(k+ I)H\k+ l)+R(k+ I»)" (2.10)

P(k + l/k) = A(k)P(k/k)A T(k) + Q(k) (2.1 I)

voi dieu kien P(O/O) = Po

Neu 19C Kalman ma rong phan Iy, eo th~ chon:

Q(k) = [x"(k/k) - x"(k/k -I») [X"(k/k) - X"(k/k - l j]! + QCk - I) (2.11 a)

voi Q(O) = 0
P(k+ l/k+ 1)=P(k+ 1/k)+K(k+ I)H(k+ I)P(k+ I!.I() (Ll2)

Liru Y rang:

IPI (k / k ) p;! (k / k)]
P(k/ k) == I P. (k / k) P4 (k / k)

I~. J

(2.13)

trong do:

P,(k/k) = E{ [Y(k) - Y~(k/k\J [Y(k) - YI"(k/k)ri (2.13:\)

Pik/k) = E{ [W(k) - Wi\(k/k.l] (W(k) - W"(k/k)j I (2.13b)

P2(k/k) = pT
3(kft<) = Ei[Y(:'; \ - Y"·('<.,Ki)l ['N(k) - W:'(~/,~.\j'i (2.13c)

P,(k/k) - dien ta su nrong quan giih de dilu ra cua de lop.

Pik/k) - dien ta sir nrong quan gifra cac trong so lien k[~

P2(k/k) hoac P3(k/k) dien ta nrong quan eh eo gifra trong $0 lien ket vu Mu ra [ir. cua cric 10'P.

3. THU~ T roxx HOC VdI LOC SIEU KALMAN MO RONG.
Sir dung 1116 hinh quan sat moi [I] tai mire loc thrr hai:

Zz{k+ 1)=p-i/2(k+ l/k+ I)X(k+ 1)+V2(k+ I) (3.1)

voi

V2(k + I) - :\(0, I) (3.la)

Ket h9'P me hinh dong h9C (2.6) va (3.1) sau khi sir dung dinh ly I [IJ thu duoc:
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X"~(k + Ilk + I) = X"~(k + Ilk) + Kz(k + I )[Z2(k + I) - P-'12(k + Ilk + I )X"z(k + Ilk)] XJ\z(k + Ilk) =
f (X"~(klk). U(k» (3.3)

voi X(O) = XJ\(O/O) = XJ\z(O/O)
K2(k+ Il=P2(k+ 11k)P-II"(k+ 11k+ I)W'/z(k+ 11k+1)Pz(k+IIk)P-'I1(k+llk+ 1)+1)"' (3.4)

P~(k + Ilk) = A(k)P2(klk)AT(k) (3.5)

voi Po = P(OIO) = P2(0/0)

P2(k + Ilk + I) = Pz(k + Ilk) + Kz(k + I )P-1I2(k + Ilk + I )P2(k + Ilk) (3.6)

Tiep tuc sir dung 1116hlnh quan sat moi tai cac mire 19C3,4, ... .n, se eo:
Z,,(k + I) = P-'/2".,(k + Ilk + I )X(k + I) + V,,(k + I) (3.7)

voi V,,(k + I) - N(O, 1) (3.7a)

Tirong tv nlur tren thu duoc thuat h9C mire n:

X",,(k + Ilk + I) = X",,(k + Ilk) + K2(k + I ) [Z,.(k + I )_p-IIZ".,(k + Ilk + I )XJ\,,(k + Ilk) (3.8)

XJ\II(k + Ilk) = f (XJ\,,(klk), U(k) ) (3.9)

voi X(O) = XJ\(O/O) = XJ\z(O/O) = ... = XJ\,,(O/O)
K..(k+ 1)=P,,(k+ Ilkjp-'12".,(k+11k+1)W'I1".,(k+ IIk+ I)P,,(k+ IIk)P·'I1".,(k+ Ilk + 1)+1]"

'(3.10)

P,,(k + Ilk) = A(k)P,,(klk)A "(k) (3.11)

vai Po = P(O/O) = P2(0/0) = ... = Pn(O/O)

PII(k + Ilk + I) = P,,(k + Ilk) + K,,(k + I jp-'/2" .,(k + Ilk + 1)PII(k + Ilk) (3.12)

Tom lai bang each trang Thai hoa diiu ra cac lap m'.lng no ron va trong s6 lien ket, qua mot s6 bien
doi, thu diroc mo hinh thuan tien cho viec ap dung 19C Kalman mo' rong va si! dung ket qua [I] d~ tfnh
roan rrong s6 lien ket tai iru cua mang phan hoi. TCrtinh chat cua dinh 19 2 trong [I] P,(klk) > P2(klk» ... >
P,,(k/k» suy ra tfnh uu vier CLIaviec Slr dung 19Csieu Kalman mo rong cho qua trlnh h9C.

4- NH~N D~NG H~ THONG THEO INPUT - OUTPUT.
Cac ket qua a phan 2 va 3 eo the slr dung bai toan nhan dang theo input - output. Hinh 2 diroi day

\110ta sCI do nhan dang

U (k)

Y (k-I)

Mang no ron
phiin h6i

Thuat hoc
Theo loc sieu Kalman

me rong

Y (k)

Hlnh 2. Sa do nhan dang trong so lien ket thuat hoc vai IQc sleu Kalman ma rong.
Cho c~p (Utk), Y(k», k= I ,2, ... vai n - c6 mire 19Cciin thiet.
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Buoc 1 - Xay dung mang no ron truy h6i voi vec to' trong s6 lien ket WN' eo so lop M vII.s6 phan tu
no ron tai lop r la N(r), r = 1,M

YN(k+ 1)= f(YN(k), WN(k), Utk)
Buoc 2- Xay dung mo hinh trang thai mang:

X(k + 1) = f (X(k)" U(k»

X~ [::J
f' ~[~J

Xay dung mo hinh quan sat:
Z(k + 1) = H(k + I)X(k + 1) + Vz(k + 1)
H(k + 1) = [I, 0, 0]
Vz(k + 1) - N(O, R(k + 1»

Buoc 3 - Cap nhat thong s6 lien ket theo loc Kalman mo' rong, thu diroc c~p thong ke (X"(k/k),
P(k/k)

Buec 4- Xay dung mo hlnh quan sat
Zj(k + 1) = p-ll1j_l(k + 1/k + I)X(k + 1) + Vfk + 1)

Vj(k + 1) - N(O, I)
Cap nhar trong so lien ket theo loc Kalman mO' rong [1], thu duce:

(X"i(k/k), Pj(k/k)
Buoc 5: i= i+ 1
Neu i< n tro lai bircc 4
COn khong dirng thuat hoc - thu diroc cap:

(X" n(k!k), Pn(k!k»

& S-KETLU!N
Bai toan de cap den van de sir dung loc sieu Kalman mo rong [1] cho qua trlnh hoc cua mang no

ron phan hoi. Thuat hoc nay cho phep nang cao cha't hrong hoc cua mang no ron so voi cac thuat [2,3,4].
Ngoai ra met thuat toan nhan dang diroc de xuat dua tren eo sO' cac ket quit thu duce tu thuat hoc

tren. Vu vier cua thuat toan diroc dam bao boi dinh Iy 2 cua [1]. Tuy nhien can hru y cac diem sau day:
1) - Do tinh cMt phan ly cua loc Kalman mo rong thuat hoc tren chi nen ap dung cho mang no ron

eo s6 16'p tu 2 den 3 voi t6ng s6 trong s6 lien ket ca O(102).

2)- Hieu qua cua thuat hoc se phu thuoc vao cac chon Q vII.R.
3) - Ham f nen chon dang RBF (Raidal Basic Functions) de don gian hoa loc Kalman mo' rong,

Cong trlnh nay thirc hien trong khuon khd nghien CUu cua de tai cap nha mroc KHCN - 04-09 t
huoc chuong trlnh Tt! dong h6a.
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