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NHAN DANG THAM SO HE DONG KET HOP CHINH HOA

NGUYEN BE, NGUYEN KY TAI,
VO THI THU SUONG, TRAN NHU HONG

Abstract. The combination of regularization and identification model in recursive parameter estimation
is studied. It is shown that regularization of the information matrix corresponds to a normalization of the

covariance matrix.

Tém tat. Nghién cttu su két hop giita chinh héa va nhan dang mé hinh trong bai todn uéc lugng tham s8.
Tir d6 chi ra viéc chinh héa ma tran thong tin phi hop véi qué trinh ddm bao tén tai nghich ddo ma tran

hiép phuong sai.

1. MO PAU
Nhan dang mo hinh 13 mét bai todn khong chinh dién hinh [4], vi vay trong cdc thuat todn nhan
dang can phai str dung qué trinh chinh héa phti hop. Nhiéu thuit toin nhan dang tham s6 hién nay
[3] chwra coi trong van dé nay. Néi dung bai bdo 1 sy bo sung cho thiéu sét trén trong van dé nhan
dang tham s6 mo hinh hién nay.

2. PAT BAI TOAN
Moi hé théng hoc tuyén tinh cé thé chuyén vé hé dang hdi qui dién hinh sau:
y(k) = HT(k)0(k — 1) + v (k), 1)
trong dé:
y(k) - tin hiéu ra do duoc tai thoi diem k,
v(k) - nhiéu tic dong tai thoi diem k,
H (k) - vecto hoi qui chira tin hiéu vao « va tin hiéu ra y véi cic tré theo thoi gian cé dang:
H(k) = [y(k = 1),y(k = 2),...,y(k — n);u(k),u(k — 1), ..., u(k — m)]7,
0(k) - vecto tham s6 hé dong hoc c6 dang:
0(k) = lay(k), ax(k), ..., an(k); bo(k), by (k), .. , b (k)]
Phuong trinh (1) twong duong véi hé dong hoc sau day

y(k) = Zai(k>y(k — i)+ Z bj(k)u(k — j) + v(k). (1.a)

Can nhan dang tham s6 mo hinh (1) hosic (1a) dua trén s6 luong hiru han cap vao-ra (u(k), y(k)),
k=12 .. N.
3. GIAI BAI TOAN

Dé nhan dang vecto tham s6 6(k), xét cdc thuat todn binh phurong nhé nhat héi qui (recursive
least squares indentification) déi véi mo hinh (1) phé bién hién nay c¢6 dang nhu & [3]

0(k) = 0(k —1) + P(k/k)H (k) (y(k) — HT (k)8(k — 1)). (2)

O day P(k/k) 13 ma tran déi xing thé hién tinh bat dinh hé théng dong hoc. Ta hay xét mot s6
thuat todn xung quanh (2). Tir 1y thuyét wéc lwong [1] phdi xét qué trinh cap nhat thong tin dong
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thoi véi s lac hau thong tin theo thai gian. Nhu vay viée cip nhat quan sét dé cé thong tin néu
xdc dinh mot cach don gidn nhat sé 14 sy ddo nguwoc cia bat dinh va vi thé ma tran thong tin cé
dang sau

R(k/k) = P~ (k/k). 3)
Theo [1] viéc cap nhat théng tin duoc thiét ké theo kicu:
R(k/k) = R(k/k — 1)+ H(k)HT (k). (4)

T day néu 4p dung dinh 1§ ddo ma tran cho (3) trén co s& (4) sé cho két qud tuong tu nhu & [3]:

PO/l = DHR)HT (R)P(/k— 1) (5)
1+ HT (k)P (k/k — 1) H (k)

P(k/k) = P(k/k — 1)

Bai todn nhan dang tham s 13 bai todn cure tiéu tiéu chuan binh phwong cé trong s6. Con sur
cap nhat tinh lac hau cia théng tin theo thdi gian c¢6 thé biéu dién qua mét tac tir xdc dinh tinh
chat lac hau nay.

Vi du téc tir lang quén (forgetting factor) nhu trong [4] hodc quan hé & [1]:

— 1
Plk+1/k) = —=P(k/k 6
(-4 1/8) = 57 PUELR) ©)
trong d6 0 < A < 1 13 tdc tir xdc dinh tinh chat lac hau clia thong tin chira trong quan sit theo thoi
gian. Dang A(k) tuy chon theo kinh nghiém.

Nhu vay suy ra:

Rk +1/k) =P "(k+1/k) = A(k)R(k/k). (7)

Trong truong hop vecto tham sé hé déng hoc thay déi ngau nhién, bai todn wéce lrong tham sé
duoc xem nhu bai todn wéc lwong trang théi va cé thé st dung bo loc Kalman. Su cAp nhét tinh
lac hau cia théng tin theo thoi gian duoc xéc dinh theo su tang lén cia tinh bat dinh:

Pk +1/k) = P(k/k) + A(k). 8)

O day A(k) 1 ma tran déi xtng duwoc xéc dinh theo bo loc Kalman hodc duwoc chon trude. Nhu
thé, phuong trinh (6) hodc (8) cling véi sur cdp nhat quan sit (4) cho phép khdi dong thuat todn
nhan dang binh phuong nhé nhat hoi qui khi cho truée cic gid tri vecto tham s6 ban dau 0(0) va
ma tran thong tin R(1/0).

Dén day cé thé két hop st dung dinh 1 ddo ma tran va biéu dién phwong trinh (8) duéi dang;

R(k+1/k) = R(k/k) — R(k/k)[R(k/k) + A~ (k)] T R(k/k). 9)

Nhitng thuét todn néu trén sé gap khé khan khi tinh todn truc tiép trén may tinh. Sai s6 nhé
trong diéu kién ban dau sé dan dén sai s6 16n trong két quéd cudi cing. Pé 13 tinh khong chinh cia
bai todn nhan dang tham s6. Phan dudi day trinh bay kha ning khic phuc han ché trén bang cich
két hop chinh héa trong cic thuat todn nhan dang.

4. KET HOP CHINH HOA TRONG NHAN DANG THAM SO MO HINH

Phuong phép quan trong dé phong ngira ma tran théng tin tré nén suy bién 13 bo sung mot ma
tran xéc dinh vao ma tran théng tin dé ddm bdo ring luén luén ton tai ma tran théng tin ddo. Cé6
nghia la:

R(k+1/k) = R(k + 1/k) + o, (10)
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trong dé a > 0 13 dai luong vo huéng tly chon. Két hop (9), (10, va (4) cho két qua:

R(k+1/k+ 1) = R(k/k) — R(k/K)[R(k/E) + A~ (k)] 1 R(k/E)
+Hk+DH (k+1)+al. (11)

Trong trudng hop bo loc Kalman véi tdc tir A(k) dang exponent, két qua nhu sau:
R(k +1/k +1) = AR)R(k/K) + H(k+ DHT (k +1) + al. (12)
St dung dinh 1§ ddo ma tran déi véi (10), thu duoc:
Pk+1/k) =Pk +1/k)[I+ aP(k+1/k)] " (13)

Nhu vay la viéc chinh héa ma tran thong tin R phlt hop véi viéc ddm bdo ton tai nghich ddo ma

tran hiép phuong sai P. Trong trudng hop bo loc Kalman, két qua la:

Plk/k—1D)H(E)HT (B)P(k/k— 1)
1+ HT(k)P(k/k— 1)H (k)

Plk+1/k) = P(k/k— 1) — + AR (14)

Néu str dung téc tr A(k) dang exponent thi cling véi (13), ma tréan hiép phuong sai ¢6 dang:
k/k—1VHKHT(k)P(k/k—1)
1+ HT(k)P(k/k— 1)H (k)

Pl 1k) = ——| peeji— 1y 2

NG (15)

5. MOT S6 THUAT TOAN CHINH HOA CAI BIEN BO SUNG

Y tudng chinh héa trong bai todn nhan dang moé hinh hé dong hoc cho phép tiép tuc phét trién
theo huéng khir tinh khong chinh trong phwong trinh (13). C6 thé chon P(k + 1/k) trong nhan tir
thit 2 cda (13) bang ma tran don vi, khi d6 phwong trinh (13) tré thanh:

1 —
Pk+1/k)= ——P(k+1/k). (16)
14+«
C6 nghia 13 ma tran hiép phuong sai dugc co gian bang dai lvong duong v6 huéng nhéd hon 1. Trong
trudmg hop st dung bo loc Kalman, néu két hop phuong trinh (16) véi (8), nhan duoc:
1 1
Plk+1/k)=—P(k/k —A(k). 17
(4 1/8) = ——P(/R) + 09 (17
Phuong trinh (17) ciing phuong trinh cap nhat (4) va chon A(k) = I, thu duoc thuat todn tinh todn
don gian nhuw & [2].
Ngoai ra cling ¢6 thé thay:

— const
I+aPk+1/B)] 't — ————. 18
[+ /P trace P(k + 1/k) (18)
Nhuw vay (13) trd thanh:
const —
Plk+1/k)= ————P(k+1/k). 19
( /F) traceP(k + 1/k) ( /F) (19)
Hosc khi o dd nhé, ¢bé thé st dung
[I+aPk+1/k)] ' ~T—-aPk+1/k) (20)

va (13) ¢6 dang:
Pk+1/k) =Pk +1/k) — aP (k + 1/k). (21)
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6. KET LUAN

Van dé chinh héa 14 mét van dé ¢6 phé trmg dung rong rai trong ky thuat tinh todn, dic biét
cho céc bai toin nguwoc néi chung v bai toan nhan dang tham s6 moé hinh néi riéng. Bai béo 13 su
phdt trién cia [5,6] véi ¥ tudng st dung phuong phép chinh héa trong cic thuat todn nhan dang.
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