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MANG NO RON NHIEU LGP VOI THUAT TOAN HOC TREN
CO SO LOC SIEU KALMAN MO RONG

vU NHU LAN - VU CHAN HUNG - DANG THANH PHU

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

1. PAT BAI TOAN

Mang no ron nhan tao dugc thiét k& theo nguyén tac tuong tu no ron sinh hoc va c6 kha nang giai
quyét hang loat bai toan nhu nhan dang anh, mé hinh héa, diéu khién cdc d6i tuong phi tuyén...

Qui trinh hoc cia mang no ron nhiéu 16p an ¢6 thé duge thuc hién bing nhiéu thuat todn khdc nhau
nhu cdc thuat todn lan truyén ngugc (back-propagation algorithm) cdc thuat todn di truyén (genetic
algorithm) hoiic cdc thuat todn tim kiém ngau nhién...

Qua trinh hoc 1a qud trinh xdc dinh cdc trong s6 lién két t6i uu ciia mang no ron. Trong diéu kién
¢6 gidm sdt (supervisor), tiéu chuan hoc ¢ dang:

m

1

— 2 Q(e(W,k) (1)
m,.
trong do:

W - vécto trong s6 mang

k- thoi diém xuat tin hiéu tai 16p ra cua mang
Xét mang no ron M I6p sau day:

Yol = PRl DD (1.2)

Trong do
U =[u', u ..., u™] - v - véc to vio (1.2a)
UCO=[udh rh L, U NOTT L vée to vio tai I6p ddu tien  (1.2b)
UM = [y by Yy ®ENIIT vée tora tar [op M (1.2¢)
YW= (YU, YRS UCNOT L véctoratai lépAnT (1.2d)

r=1,(M-1)
Véi; N(M)-sénorontai lépraM
N(r) - s6 no ron tai 1ép ar. r
N(0) - s6 no ron tai Iép vao
Vécto trong s6 lién két toan mang no ron: {
W= [Wh W we wT (1.2¢)
Trong dé:
' W® - vec to trong s lién két cia I6p r
o day:
W = [W(r. 1) W 2)’ &, W i)’ w N(M))]T ( 12f)
Vi )
W D = (W, Wiy sy Winge. 1)]T (1.2g)

we
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cdc thanh phan W', j =1, N(r—1) - 1a trong s6 lién két cta no ron thit j. j = 1, N(r—1) ciaiép
(r-1) dén no ron thit i cua l6p r.
So d6 hinh | dudi day mé ta mang no ron M 16p dang (1.2).
Tiéu chuan hoc Q phu thudc vao vec to sai s6 £(W,m):
&(W, k)= Y*™(k) - Y(k) (1.3)
Trong dé:

YU(K) - vec to dau ra tai thoi diem k. m = 1,k
Y'(k) - vec to gidm sdt tai thoi diém k

Lép | Lép (r-1) Lop r Lép M
UL« YD Y (r.1) Y (M,1)

U(12) Y (1,2) Y(.,_) Y (M,1)
u
—

UANU))  YUN3G) Y (N (1)) Y (M,N (M)
Hinh 1. So do mang no ron M I6p dang (1.2)
Thong thudng tiéu chuan hoc Q ¢é dang binh phuong:

Q(e(W, k) =€"(W, k) Se(W, k) (1.4)
v6i S 1a ma tran xdc dinh duong.

T nhing ndm 90, nhiéu thuit hoc da sir dung loc Kakman md rong téi uu héa qud trinh hov
2,3,4]. Uu viét cta loc Kalman md rong thé hién & téc do hoi t: va do chinh xdc cua ude luong trong s6
lién két.

Loc Kalman m& rong ciing cé thé dugc phdt trién wén co s& loc siéu Kalman [1] nhan nang cao
chat luong bai todn loc véi trang rim ma rong. Tir 36 ¢6 the nang cao chit luong dinh gid trong 56 lién ket
mang no ron.

2- THUAT TOAN HOC VOI LOC KALMAN MO RONG.
Mang no ron nhiéu 16p phan hdi xay dung tir (1.2) ¢6 thé biéu dién dudi dang sau:
Yk+1) =f(Y(), W(k), Uk)) (2.1)
Luu y ring:
Y =[Y™, Y] (2.1a)
f=PMEM-UC @ ey (2.1b)
Trong s6 W ¢6 thé viét dusi dang:
W (k+1) = W(k) 2.2)
Khi d6 Y(k) Ia vec to kich hoat ¢& N ctia tit ¢i cdc no ron tai thoi diém k.
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W(k) - vec to cic trong s6 lién két cua toan mang trén co sd (1.2e) + (1.2g) thu duoc:

g — ! ] 1 1 1 1 1z 1 1
W (k) =W W oo Woneye Wi Wia o Wiy Wiy e W Ny - W NOHNO)
1 T 1 T T 1
Wit Wihas oo Wik 1 -0 Winints Winigas -0 Wiong - 1)
M M M M M i ~ .
W Wt Wi - Wkants Wisanas— Wisansoan - 1) (2.2a)

6 day vec to W(k) cd ¢& N(w):

M
Nw = 2. N(N(G-1) (2.2b)

i=l

M

Téng s6 diu ra cua tat ca cdc 16p N(w) = ZN(r) 1a (2.2¢)
j=1

U(K) - vec to vdo tai thoi diém k dang  (1.2a)

Nhu viy mang no ron phan hoi (2.1) ¢6 N(0) dau vao, N(w) trong s6 lién két, N(Y) ddu ra cua cdc
I6p trong d6 ¢6 N(M) dau ra cia mang.

D¢ sir dung loc Kalman mo rong cin phai xay dung trang thdi mo rong nhu sau:

Y(k)
X(k) = 23
(k) W(K) (2.3)
vec 1o X ¢0 ¢cd N(Y) + N(M)

Do N(M) < N(Y) nén vec to quan sit Z tai 16p ra véi N(Y) no ron ¢6 thé biéu dién theo trang thdi
méi (2.3) tai thoi diém k véi nhiéu quan sit V,(k).

Z(‘\) = [Y\'M. ”(k), Y(.\l..‘.)(kL o Y(\l. M‘“”(k), 0~ 0...-, 0] 3+ Vz(k)
hodc:
70 = HIOX(K) + V, (k) (2.4)
trong dé:
H(k) = [1,0.0]" © (2.40)
V,(k) ~ N(O,R(k)) (2.4b)
Ma tran 0 thit nhat trong biéu thir (2.4a) biéu dién dic trung quan sdt ddu ra tai cdc I6p an Y"

Nk, r= LM =1

Ma tran 0 thit hai trong biéu thic (2.4a) biéu dién dic trung quan sdt d6i véi cic trong so6 lién két

mang.

Nhu vay phuong trinh trang thdi mang no ron phan hoi ¢6 dang:

Xk + 1) = f (x(k), u(k)) (2.5)

LOv4 f
fT [J (2.52)
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sau khi tuyén tinh héa ham f theo trang thdi X trén co s& phan i thee, chudi Taylor lan can uéc
luong trang thadi x/ ta ¢6:

X(k+1) = AX(k) + Ulk) (2.6}
trong do:
well
of |
= ————] 19
Alk)= =X Nk /k)

U (k)= f(x’\ (k / k) u(k)——“-*a—f-m o {2.6b)
CX(k):XfK) XMk FK) '
phuong trinh quan sét (2.4) tai thoi diém (k+1):
Z(k+1) = H(k+ D)X (k+1) + V, (k+1) 27)
thuat todan hoc dua trén loc Kalman mo rong véi hé (2.6) va quan sit (2.7) ¢6 dang sau:
XAk + 1k + 1) =XMk + 1K) + KK)[ZK + 1) - Hk + DXMk+ 1/K)] (2.8)

XAk + 1/k) = (XAK/K), uk)) = AK)XAK/K) + Uk) 29
véi X(0) = XA 0/0)
Kk+1)=Pk+ DH"(k + 1) [Hk + )Pk + DH'(k + ) + R(k + D)]'  (2.10)
Pk +1/k) = :‘X(k)P(k/k)AT )+ Q) (2.1
vGi diéu kién P(0/0) =
Néu loc Kalman mé& réng phan ly, ¢6 thé chon:
Q(l\) = [xA(k/K) - xMk/k -1D] [XAKA) - XAk - DIT+Q(k- 1) (2.11a)
véi Q(0) =
P(k + 1/k+1)=Pk+ l/k)+ Kk + DH(k + )Ptk + 1/) (1.12)
Luu y ring:
Py (k /K) Py (k /) e
PRR=1p (k /1K) P, (K /K) G139
trong do:
P,(k/k) = E{[Y(K) - Y k] [Y(k) - YA/ i (2.122)
P,(k/K) = E{[W(K) - WA()] ..wuo - WAL/O] ) (2.13b)
Po(k/k) = PTy(k/k) = Ei DY {0 - YA(GKD [Wik) - WakZorb s (2.13¢)
P,(k/k) - dién ta su tuong quan giita cic diu ra cia cic 16p.
P,(k/k) - dién ta su tuong quan gifta cdc trong s& lién ket
P,(k/k) hodc Py(k/k) dién ta niong quan chéo gilta trong s6 iien két va ddu ra 4n cla cdc 16p.

3. THUAT TOAN HOC VOI LOC SIEU KALMAN MO RONG.
Stir dung mo6 hinh quan sdt moi [ 1] tai mifc loc tha hai:
Zyk+ =Pk +1/k+DXk+ D+ Vyk+1) (3D
véi
Vyk + 1)~ N, D) (3.1a)
K&t hop moé hinh dong hoc (2.6) va (3.1) sau khi st dung dinh 1y 1 [1] thu duoc:
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XAk # 1k D) = XA K+ 1K) + Kok + D[Zy(k + 1) - P2k + 1/k +l)X'\ (k+ 1/k)] XMk + 1/k) =
f(X’\(k/l\) Ukk)  (3.3)
vai X(0) = XA(0/0) = X7,(0/0)
Kk + 1) = Py(k + IK)P 2k + 1k + D[Pk + 1/k +1) Py(k +1/KP2 (k +1/k + 1)+ (3.4)
P.(k + 1/k) = A(K)Po(k/K)AT(k) (3.5)
véi Po = P(0/0) = P,(0/0)
Pa(k + 1/k + 1) = Py(k + 1/k) + Kx(k + DP2(k +1/k + DPy(k + 1/k)  (3.6)
Tiép tuc str dung mo hinh quan sit méi tai cac miic loc 3,4,...,n, s€ co:
Z&k+D=P" (k+1k+DXKk+D+V,k+1) (3.7)
voi V(k + 1)~ N(0, I) (3.7a)
Tuong tu nhu trén thu duoc thuat hoc miic n: ;
XAk +1/k +1) = XA (k + 1/k) + Ky(k + D[Z(k + D)-P'? _((k+1/k+ DXA(k+ 1K) (3.8)

XAk + 1K) = T (XA (k/k), Uk))  (3.9)

v6i X(0) = XA(0/0) = XA,(0/0) = ... = XA, (0/0)

Kk +1)=Pk+1/KP" (k+1/k+DP" ((k+1/k+DPk+ I/KP" (k+1/k+1)+1]
1(3.10)
P (k + 1/k) = A(k)P,(k/k)AT(k)  (3.11)

véi Po = P(0/0) = P,(0/0) = ... = Pn(0/0)

Pk+1k+1)=Pk+ 1K) +K(k+DP" (k+1k+1DPk+1k) (3.12)

Tém lai biing cdch trang thdi héa ddu ra cdc |6p mang no ron va trong s6 lién két, qua mot sé bién
doi, thu duoc mo hinh thuan tién cho viéc dp dung loc Kalman mé rong va sit dung két qua [1] dé tinh
todn trong s6 lién két t6i vu cia mang phan hoi. Tir tinh chat cta dinh 1y 2 trong [1] P,(k/k) > Py(k/k)>... >
P (k/k)> suy ra tinh uu viét cua viéc st dung loc siéu Kalman mo rong cho qua trinh hoc.

4- NHAN DANG HE THONG THEO INPUT - OUTPUT.

Céc két qua ¢ phan 2 va 3 c6 thé sir dung bai todn nhan dang theo input - output. Hinh 2 duéi day
mo ta so d6 nhan dang

U (k) Y (k)

.
I He

Y (k-1) 33 201 Bty
Tré [€

-
>

Mang no ron
phan héi

U (k-1) — Yy(k-l)
Thudét hoc

Theo loc siéu Kalman
mo rong

Hinh 2. So d6 nhan dang trong so lién két thuat hoc véi loc siéu Kalman mao rong.
~ Cho ciip (U(k), Y(k)), k=1,2, ... véi n - c6 miic loc cén thiét.
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Buée 1 - Xay dung mang no ron truy hdi véi vec to trong s6 lién két Wy, c6 s6 16p M va s6 phan tir

no ron tai lép r 1A N(r), r= 1, M
Yk + 1) = f(Yy(k), Wy(k), Uk))
Budc 2- Xay dung moé hinh trang thdi mang:

Xk + 1) = f (X(k),, UK))

Xay dung mo6 hinh quan sét:
Zk+1D)=Hk+ DXk+1)+Vy(k+1)
Hk + 1)=[L0,0]
V,(k + 1) ~N(, Rk + 1))
Budce 3 - Cap nhat théng s6 lién két theo loc Kalman mo rong, thu duge cip théng ké (XA (k/k),
P(k/k)
Bude 4- Xay dung mo hinh quan sét
Zk+1D=P" (k+1/k+DXk+1D+Vk=+1)
Vi(k + 1)~ N, I)
Cap nhat trong s6 lién két theo loc Kalman mé rong [1], thu dugc:
(XAi(K/K), P(k/K)
BubcS:i=i+1
Néu i < n trd lai budc 4
Con khong dimg thuat hoc - thu duge céap:
(XM(K/K), P(k/K))

& 5-KET LUAN

Bai todn dé cap dén van dé st dung loc siéu Kalman md réng [1] cho qud trinh hoc cia mang no
ron phan héi. Thuat hoc nay cho phép nang cao chét lugng hoc ciia mang no ron so véi céc thuat [2,3,4].

Ngoai ra mét thuat todn nhan dang duoc dé xuat dua trén co sd cdc két qua thu duogc tir thuat hoc
trén. Uu viét clia thuat todn duoc ddm béo béi dinh 1y 2 ctia [1]. Tuy nhién cin luu ¥ cdc diém sau day:

1) - Do tinh chat phan ly cia loc Kalman mo rong thuat hoc trén chi nén dp dung cho mang no ron
c6 s6 16p tir 2 dén 3 véi tong s6 trong s6 lién két cd 0(107).

2)- Hiéu qua cua thuét hoc s& phu thudc vao cdc chon Q vaR.

3) - Ham f nén chon dang RBF (Raidal Basic Functions) dé don gian héa loc Kalman m& rong.

Coéng trinh nay thyc hién trong khuén khé nghién cifu clia dé tai cdp nha nuéc KHCN - 04-09 t
huéc chuong trinh Tu déng héa.
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