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An Identification Method for Nonlinear Systems with Colored Measurement Noise
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Abstract
using the maximum likelihood criterion. Firstly, the colored measurement noise is decorrelated based on the measurement

In this paper, an identification method for nonlinear systems with colored measurement noise is proposed by

differencing approach, and a new measurement equation is derived. Thus, the nonlinear system identification problem with
colored measurement noise is transformed into the nonlinear system identification problem with white measurement noise
and one-step delayed state. Secondly, a new nonlinear system identification method with maximum likelihood estimation
is proposed based on the expectation maximization (EM) algorithm, which consists of expectation step (E-step) and the
maximization step (M-step). In the E-step, the expectation of the complete data log-likelihood function is approximately
calculated based on currently estimated parameters and the Gaussian approximated filter and smoother for nonlinear
system with colored measurement noise. In the M-step, the approximately calculated expectation value is maximized,
and noise parameter estimations are updated analytically and model parameter estimations are updated approximately

by using Newton method. Finally, the efficiency of the proposed algorithm is illustrated in numerical simulations.
Key words Nonlinear system identification, maximum likelihood criterion, colored measurement noise, expectation
maximization (EM) algorithm, measurement differencing approach, nonlinear state estimator
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T’Q:Qk+laq:qk+l =0 (38)
(wf];fk)’R_RkH,r—mﬂ =0 (39)
ngq’ok)!cz—czm,q—qm =0 (40)
QOO v =0 ()
Mb,j:e,j =0, j=1,2,---,5 (42)

dglj k41

L 0, = {0/k+17Qk+laRk+1an+1vrk+1} A
1 7 3
0lk+1 = [0/k+17 T "9/7@+17"' 79/Z+1]T'

M4 JTFE (38) ~ (41), FATT LSRR k+1 5
R FNE T ZHAE T @ s Teer, Qrar M Ry FA#
Mraik AT

di41 = A™'B (43)
r=A"'C (44)
Qri1 =AT'D (45)
Ry =A'E (46)

e, A y—"vbrit, B MIC A, D M E 475
B, EAT R S SR DU R R

M—-1

A= Z //gek($t+17$t)N(xt+1§§7t+1|Ma
t=0

Rs+1|M)d$t+1N(-Tt;fit\t7 Pt|t)d$t (47>

B Mz [ [~ 100

g6, ($t+1axt)N($t+1;53t+1\Ma Pt+1|M) S

d$t+1N(-’13t;-’i't|t,Pt|t)dxt (48)

M—-1

C= Z //(2;1 —h (T, 2,0")) %
t=0

96, (T111, T )N(T 15 Be g1 s Prgrynr) X

d$t+1N($t§§7t|t7Pt\t)dxt (49)

D= MZ [ [ @~ £206) - g o

Fo@,0) — a4 1) g, (o1, 2 )N(&pp1; Tog
Pt+1\M)d93t+1N($t;§?t\t7Pt|t)d$t (50)

1

E = Z //(Z:+1 - h:«‘rl(mt-‘rl)xtya/) - rk_;,_l)x
t=0

(Zfﬂ - h:+1(93t+1a$t79/) - Tk+1)T90k (Teg1,20) ¥
N(zy11; (%t+1|M7 Pt+1\M)d-’Et+1N($t; f%t|t7 Pt\t)dmt
(51)

FIH T RE (47) ~ (51), JiBE D F1 E 7T LLEE B
TR

D=F- ‘Ik+1BT — Bgy ., + Ag 145 (52)
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E=H-r,,C" —Cr}, + Arpari,,  (53)
Hp, F R H wRLRIR IR

e Mz [ [ 100

(X111 — (24, ‘9/))T919,c (Tyg1,2) X
N(@ 11581100 Prgrjar)dT g1 X
N(fl?t;fi?ﬂt; Pt\t)dmt (54)

M-1
i = Z //(z:-‘rl —hi (@1, 2, 0')) (27—
=0

h:+1 (-’L'tﬂal'n 9/))T90k (wt+17$t)N(xt+1;~i‘t+l\M7
Pt+1|M)d~Tt+1N($t;-’%t\t, Pt|t)d$t
(55)

FRANTTHE (52) #1 (53) FJTHE (45) F (46), IH]H
JiRE (43) A1 (44), Fedi1n] LAAF S

Qui1 =A'F —q,,A'B" — A"'Bq}",  +
‘1k+1‘1;£+1 =A'F - ‘1k+1‘1;£+1 (56)

Ry =A"'H -1 ATICT — A7'Crf L+

T —1 T
Tl = AT H — Tr+1T 41 (57)

{H2, WRPETTHRE (42), FRATATTHERT 0/
—MERTAR, KA 0 BOREEAER 241 HELR M 5 7
v ORI FRATT TS A B B R SR R L B AL
IRAGTE. A SCH K F Newton J7 5K AL FHIXAN n) 8,
K4 Newton J5 ik BAT ~URRSGHE L. 7228 k IRi%
REFERE B, 56 &+ 1 IRIEAR 0/, W LAAE BB an
Ra7-38].

13 _
9 k+1 —

. /42 -1
01‘; — o (dQ(a’ek)’e,j_eli) X

d(elj)2
dQ(0,0,)
delj

Horp, SO0 55 Q(6,0,) KT 07 1 G H
o %5 Newton %5 K. ik 2 B2 36 $E 8 %
B KA BLRIE Q(Or41,0k) > Q(0r,0)), Ml flifS
Lo, (Z3) > Lo, (Z3), 40 Oypy F4LE 0, SEPRITIT
SEI 0. IR, LB k IABIFE B ik
RN I, SEAAG R 211091,

ARSCAR O 0 R 5 L P R ST
WM 2 2R 2 o,

|9/J‘:0/{; (58)

ik 2. HEGENREELEREOHAE
3

1) B AVIERAE 6o, RS K o, BIRK
$UN, SR ERERLH k= 0.

2) ST UHTIIARLNS AT 0, FER A
500G 7 ) 30705 A0L 8 D S0 8 5 e
(23) FITH#E (24).

3) K545 3 (00 8 8 0T 2 AR T
(47) ~ (49) FUTFE (54) F1 (55) k43 A, B, C, F,
H, I s o BE AP B 5T 99008y

d’Q(8,8x) ,
*D d(e/j)zk ’0'1:0’1'

1) A KM R A B, C, F, H
de(g”jak) |9/J'=9/fc ﬂ] dd?g(/oj’)ezk) |9/J:9/i /f—ﬁ]\jjii (43) %D
5) k+1 — k I RA& 40 k> N.
AL, TR ATEARE b TR, REFRaLt, I
RIS 2).
2.3 WrsgIEHe

MITRE (13) Frar BLE H, Wi Q(0r1,0k) >
Q(0,0:), T4

Lo, (Z) > Lo, (Zy) (59)
I HLA 5 o 2 AN 2498 et 4230
Q(Or11,01) = Q(6,6;) (60)

Pors (Xl Zy) = po, (X | Z7y) (61)
IR (59) ~ (61), 24 Lo(Z3,) 2—KT 6
" R BT, AL 2

lim [Q(0y11,0x) — Q(65,0x)] = 0 (62)

k—+o00

A2,

k—-+o0

ARtk RGNSk 2 — A EME AR
AER DL SCHR (23] 5, AEARZME RGN,
A AL 1 22 AR L PR AR O — ROE IR AR T SR A, A
ITEILRAT Q(6,05) Rl pe(X ar|Z7,) HIMEMTAE, BT
LUIE A5 30 T V40 B EM SR IR SIovk 5
EM SOE WS4 F. SCHk (18] i, 7ESEkr TiE
R, BSReREL Lo (Z7,) WIRER N2 IEREL, 17
FEZ A Jm R, i EM SR CTARETTIXAN ). 4
b, 3R RASOKS E M IS S B PR P i 5
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41 %

VRMCSIOVE IR 52 e, WD 12 S5 ) 3 P 4t M 3k
At

URREL Lo(Z),) 2D ZWEREUN, H14h
flivt 6o R o SR H SEL IS AT 2%
RISEmR. ik 0, SRR IR, JF H of BUN, I8
2 limy oo 0 = 0. IR 0, HEAMRIR B, (HE
o BK, MAREHEIEARKIBEAT, 0, 7T He 2> I 12 e AL
fif. AR 0, LM ZER K, IFH o BUN, B4
BEE ST, 0, "TRESBAN R AR, Wk 6,
IAUARAHZEAR KR, (A2 of UK, BB 0, K
SR AT R D 2 e DA 2 B N Ry S A DALk, i ik Y
5 BT (R ATE G 2 )48 20 K n] DA 4
HH SRR S AEAR 22 SRR T TR, TP 6 A2 e
I AR S 25 B0 K SO Y A — 2 1 T, X
5 VAT DA B P b B PR AL, DA e b S
ARSCHTHREH .

FE A SC P 4 Y 1 g IR BV T, s B
pek(-’ﬂt!Zf) YT %5 1 pok($t+1!Z}‘w) HB B B A
e T AT, I LGN e 0 BOKS 2 2 B A Wk A
ZER KM BRAG, X2 B RS AR eV e b
WEFE T 2 Q IR HE KT HE KRB g ik 8 R
TR BETR i AR ZE S B K S 0 Al TE R,
M ZH0 0 WAL TR 72 Soid SR 3o 189 KUk 53 A
SV R I AR 2, T AE 1S S H 0 1Ak
TR ZE B IR B AT 0 R A, JF By 220K
X SRR ZE . DR, A SO A R RV TR
YURE FE S B A W P 7 ZE 8 KM B A, ek, 5 Sk
[18,24—-25] —Ff, AL th 505 A E A B
ol 3 g R O 2 AR Z M R g A sk,
T HA KMy ZE AR L VE R e, SR A SR AT g
o M BUR BRI D8, X2 A K e 75 7 ZE ml g
SHERWRBRZE.

3 hE

AR A R R ARG AR Y | Al 7 R
EEARAR L A E A R DL R R AT S R ) {5 Bk
B AUE AR SC TR Y 1) A (0 R e 7R R 2 M R SRR
BRI AR PERE. R T S A ST TR H IR A,
TEFE N SR I Ly, AR SORE AL s A € 5 00 e 75 1)
CKFBYU fil CKSP2 Kim v 5k v % 5 (23) FI°F
T (24), JERH =B EREE A RME M Sk el
H(47) ~ (49) F138 (54) ~ (55) H R 3 BB
gy, BRAh, 5 SCHR [18,23] —FF, TEREIRIIOT 1 524
RIS ELT, AR SCHB M LLELSE SO0 oL IR RRIX
] B AL BUCR En S 3N I 6,.

ERG] 5 B R, k317 A (0 5 0 e 75
RN R G HE R, DA MR R BN E
A 2 2, PR A A 6 N s S (1 DL e B A OG

RIGA I TA7 (e A DL, A, R oK
R A7 (0 I M 7 T A e 1 R e R 7 S SEER
AW AEL M R G HHRFIEA I T RS, A
PEAERE R J P i AN 2 AT AR R ¢
HERTT R B 45 R
3.1 BELEIFFREKER

AR P ARG K A BAT s AR 2k, JF HE
L) 0z 3 F A — A I 8K 56 E A F 2 P D6
Wedk ARZME P 2 DL AAR G R G PR SE R Pk
REIS 18231 ) R Gy R ] LA R
Ty

2 + Up—1 + We—_1 (65)

p— _ bi
Ty = ax;_1 + T+ 22,

Hrh) u,y = 8cos(1.2t) Al AN, ¥IiHRE&
zo~N(20;0, Py), REMEF w, ~N(wy;0,Q) M1
WrE g sk BE. b TR SO R AR I PR R
TERE TR B, FRATDR: 25 18 G (10 4 1Pk o A5
TR AR S M f AR G e 2 M ) 1 DU AR 2R 2 7
—F[25]:

Zt == dft + Ut (66)
LA BB A 152,
2z = ex? + v, (67)

FEIX AN SRR ey SR 7 o, O R T AT (I
FILRE, BB B AR AR IR

vy = 0501 + &1 (68)

Horb, & ~N(&; 0, R) Amifir Al fe, JFHEs
wy AR, FEHE TR, A3024T T 130 &
ML) SRR B, LR AR S R s U LN
MAEAK M = 2000, #ZEPK o =1, BAURECH
N =100. 4 T SUEPTHEH EARIPERE, TA TR % i
IR =R .

R 1. fE05H 1, AT TTH Hh AR
PRI AR Lk B D0 T I PERE. 7 2 Bk #%
WIN, Py = 0.01, FLSEHFIRER S AR 2419

[a,b,d,e,Q, R] = [0.5,2,0.5,0.05,0,0.001] (69)

TEMA B, S TSR v fa e, RS s
D7 ZEWHIE A Q = 0.001118 231 75 25 P 5 175 10,
T, BB H a, b, d AIEFESH Q, R G4
w1 FE 2 iR, EARL RN SR, B S
$oa,b, e MBEFESE Q, R MG R 3 fK
4 s, Beah, A T EED RORASC T S
e, & 1 FIER 2 70 0lgh th T R BB 2 ORI g 7 2
FOAELR A BRI R L P S 50 R i de Ak vt
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®1EMEREWEIR, IS EUEA TS5l
(M + )
Table 1 True parameter values and estimated
parameter values (mean values + standard deviations) for

linear measurement case

S8 FRAH vt
a 0.5 0.500 % 7.315 x 10~*
b 2 1.996 + 1.888 x 1072
d 0.5 0.500 + 1.489 x 104
Q 0 8.696 x 10~° £ 6.450 x 10~°
R 0.001 1.241 x 1072 +4.404 x 10~°

®2 ARENEENREOLR, ST 2 AU
(WM + brifEE)
Table 2 True parameter values and estimated
parameter values (mean values + standard deviations) for

nonlinear measurement case

24 FLSAH i v
a 0.5 0.500 £ 1.502 x 10—*
b 2 1.999 + 0.004
e 0.05 0.050 £ 1.696 x 10—°
0 2.421 x 10~* £1.187 x 10~*
Q
R 0.001 9.229 x 10~% £ 4.890 x 10~°
s 0.8 T
&
A 0.6
Y . ; ; ;
) 20 40 60 80 100
o 3
&
A 2
Q.H 1 1 1 1 1
#K

0 20 20 60 80 100
S 03

=

X 06

E.H 1 1 1 1

044 20 10 60 80 100

ERSH
1 2RI O MRS oy by d FIANTTEE R (KF
SR T BT 0 = 0.5)
Fig.1 The estimated results of model parameters a, b
and d for linear measurement case (Horizontal line

indicates the true parameter value at a = 0.5.)

0.1

Q

E)
% 0.05
L,
[ég

0.4

0.3
%

XN 02

0.1

20 40 60 80 100
PERWIZ

K2 ZerEmiltsil RS EQ M R 4R
Fig.2 The estimated results of noise parameters ) and

R for linear measurement case

0 20 40 60 80 100

40 60 80 100

0 2IO 4IO 6IO 8IO 100
peivg
K3 ARt ENEIL T B ZE a. by e RILTHETIR
Fig.3 The estimated results of model parameters a, b

and e for nonlinear measurement case

BT~ B 4 ) F-ATTAT LATE I 2, A2k
FHAESPE MG DU, ASCHTi I EEAE S —IR
SRR AT TR R WS, FF HLX Rl Stk AT
THGR IS EEM 2 2l . WNE 1~ K 4 1,
BAT T LIS M R B, AR RIS LR, A
SRk E 50 BRSNS T, DRI A ST R
P RA B e Sl . sk, K 1~ K 4
AT LA Y A SC AT 1 SR AR 2ot IS O 1
WSS W Ak PR T AR AR e P B R 0T WSSO
X & PR A A A s e 7S 1) CKF f CKS fE 26
TS OL N LR SRR IS L N BA S A e
M1 R 2 ) BATTE T LA 2, A ST (5
TEAE G AR Ll S DU B0 T #EEAT R Ak TR
BE.
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R
0.15
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AP
Kl 4 Rt sl sl RS Q M1 R 4 &
Fig.4 The estimated results of noise parameters ) and
R for nonlinear measurement case
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54

0.15
£t
QA 0.1
S
2 0.05

0
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AP

4 ARLMEREIE DL RS 25 Q F1 R Al TSR (L
RN RN T, BAESH Q MR, F: Argtt®
WHELLT, B2 R fhTHEE R
Fig.4 The estimated results of noise parameters ) and
R for nonlinear measurement case (Top: The estimated
results of noise parameter () for nonlinear measurement
case; Bottom: The estimated results of noise parameter R

for nonlinear measurement case.)

R 2. 4732, FAPREHE TRt A AEAR
2k BRI 7 g 22 DL T B PERE. (5 LS B0k
FEUR, Py = 0.1, HSEHIBIR S B B 24

[a,b,e,Q, R] = [0.5,2,0.05,0.1,0.1]

FEARZ R BN AR ME 7505 25 00 &, MRS 4 a, D,
e 24 Q, R I THEE RUnE 5 R 6 .
BEAN, 23 45 T ORFIRRE R 2 BN 7R S 4 e R 2
PERIARE 75 0 2216 UL 1 I e 28 Ak it

L AR 2 MR 3 A LA R, AT LA
B B RWE Py 2 AR A TR ZE T 2 Py 2 BRAIR
S SEVR AR ORS JEE. 3 DA D 388 DK e 7y 22 R

(70)

TR ZE T Z Py <A GRS K CKF
A CKS [l vk, M B de SR RS . H
&, W 5. B 6 A& 3 il LUR B, $2 I SEAAEX
Pl 0 AR AT R ORI SIGE

S 08

&

X 06

o ;

® 04, 20 30 60 80 100
o 4 T

®

& 2

B, . . . .

= 20 40 60 80 100

0
© 0,06 .
=
& 0.05

0

= 0.04 20 40 60 80 100
LR

Bl 5 KMEFTTZERIL MRS EL oy by e FIMSTHEER

Fig.5 The estimated results of model parameters a, b

and e for large noise variance case

20 60 80 100
w4
K6 KB 200 NS S8 Q A R AL THET R

Fig.6 The estimated results of noise parameters ) and

R for large noise variance case

fAE 3. fEfist 3 1, AP HE LA AR
FEVT AT 0L N I PERE. AESb 0 B, RS R
MR JEIME R 0 T7 20 Q M R BIFREGIRE. 1
HBHGERWT, Py = 0.1, HESZRIBIA S HORI: =
i SR
[a,b,e,Q, R] = [0.5,2,0.05,0.1,0.1] (71)
TEARZ PRI A TR B RIS DL 1, B S a, b, e
FIE S 240 Q, R Wfhivha Rl 7 f1El 8 k.
BEAh, 4 g5 T ARENBEI S H R 75 2 4 R 28
P DU R R PR 5 R B Al T
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* 3 OKMEFEIFZENDUN, M SEUEMAG TS HE
Bl = bR
Table 3  True parameter values and estimated
parameter values (mean values + standard deviations) for

large noise variance case

S TSR I
a 0.5 0.502 + 1.037 x 103
b 2 1.908 + 0.025
e 0.05 0.0500 + 9.122 x 103
Q 0.1 0.119 + 5.358 x 103
R 0.1 0.096 + 2.076 x 103
s 08
& 0.6
B o4 ; ; ; ;
= 0% 20 40 60 80 100
< 4 T T r T
&
Q& 2
B, . . . .
® Ty 20 40 60 80 100
© 0.06 . ; , ,
o, . . . .
;O 20 40 60 80 100

ERBH
B 7 $REOME UL T B S A o by e IOfLTHETR

Fig.7 The estimated results of model parameters a, b

and e for exponential distribution case

2IO 4IO 6IO 8IO 100
IENP
K8 FEE At TR S Q 1R I THEE R
Fig.8 The estimated results of noise parameters ) and

R for exponential distribution case

R R 3 MR 4 h AR, FATe] L
B BB AR BN DL N M RRE BEAG T
FE R A D01 IFR RS L. IR N A ST de
H AR BT R X v O e 7 PR AR e e R ST i LT
DAL A A Ml 22 2 PRI Bt R R UK 2. L,

M7 8 R 4 AT LAE B, $2 ARG

BN HER FAT AT (R RS BE RSSO 2. DA B I 2615

FLAR R T A SC e B2 e A (0 D 7 1)

ARt R G R Il R R AT R

x4 REO ST, IS EUEAME TS HE
M + bE)
Table 4  True parameter values and estimated
parameter values (mean values + standard deviations) for

exponential distribution case

¥ HSEAH flivHE
a 0.5 0.505 & 3.035 x 103
b 2 1.852 £ 0.079
e 0.05 0.0502 + 2.572 x 10~*
Q 0.1 0.129 4 1.871 x 10~2
R 0.1 0.092 £ 8.101 x 10~3

3.2 #HAIERER

A7 BB By — AR PE Y, LB
Ay 0=

05 0
mt —
0 0.5

] Tyt U W (72)

z = atan2(zo,; — 5sin(t),x,, — Hcos(t)) + v,
(73)

Ve = 0.5Ut_1 + ’St—l (74)

o, w, = [8sin(t), 8sin(t)]T AIEHIHA, RS
x, = [z, @o|T=[s t|, ®mstFHA(HFE
IRABE ) fIBL T, VIR ES 20 = 20 5],
WILE T JT 2285 Pojp = 0.01 [ (1) (1) B  ,
o MRS B A AR I (74) T
T w, B E, RANHIZE T R e A L A, AT )
A BT

" ( t‘[%] [ 1 0 ])
7 q2 ’ 0 Q2
& ~ N R)

FEMAT L, BCSE R P 2 B i B

(@1, 2, Q1, Q2,7, R] = [0.1,0.1,0,0,0.5,0.001]
(76)

FE 07 E B, 150 UM ST SR RIS T ERE
AT, Fh RERSEE RO B RIFEAS M =

(75)
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3000, EARECH N = 50. MEAh, K TR UEFT IR
R VL AR T T, RGNS T E RGN
Q1= Q2 = 0.00108: 231 g 75 Z: 4 Qs G2, Q1, Qo,
r, R BT R 9~ & 11 Fros. sk, A T iE
— W IR ST R A PERE, R 5 A TR
IR FE A B 24T

M9~ K 11, vl DUE B A ST 2 i 5
EAE R — IR SR RI& B AT A2 W SR i, I HLIX Fif
W ST AT T W46 1) 2 E0(E A R 40 50l . DA
9~ K 11 v, 0 A] LUE BT S8l 48 50 kAR
Ja #RWCSR T, DRI AR ST 4 R B LA R R Rl
SO AL, R 5 o, i ] LUR BIA ST R R
A RV, DL R se iy g i i T A
et B mT DL T ety A € B N S TR R ek
RYHER )L

O'080 IIO 2IO 3IO 4|0 50
ERDH
K9 BEESE g Mg KR
Fig.9 The estimated results of noise parameters
¢1 and g2
x107
1
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R 0s
1
[ﬂ‘éK
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1
=
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PESAWI 2

K10 MEFZE Q1 Qo MIflivhai R

Fig.10 The estimated results of noise parameters

Ql and QQ

O'80 IIO 2|0 3I0 4|0 50
AP
11 WBEZE - F R S TH4E R
Fig.11 The estimated results of noise parameters
rand R
x5 HENWSEEMGHSEUE (UE + FiEE)
Table 5 True parameter values and estimated

parameter values (mean values + standard deviations)

25 S A THE

q1 0.1 0.0997 4+ 0.0023

q2 0.1 0.0995 4+ 0.0012

Q1 0 3.3252 x 1076 +1.4133 x 107
Q- 0 3.4805 x 1076 £ 1.6434 x 107
r 0.5 0.5000 £ 3.6925 x 10~ 4

R 0.001 0.0010 4+ 1.7187 x 105

3.3 ZTHEXEMEE

5 KBNS PR ety A (0 R R S ) AR e
AR IR

X1+
xt = =
T2t

UT1 g1+ U1 tw, (77)
Aarctan(®, 1 + Lo 1)
2 = [ 21t ] _ [ C.OS(a:l,t) v, (78)
2oy sin(zs
0.5 0

’Ut:[ O

8cos(1.2t) A il o AN, #I
zo=1[0 O], #I4hth J5 %= BF

BT v O AT

By B AR (79) FTos. w, ~

0.5 ] Vi1 +§t71 (79)
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N(w;0,Q) & ~ N(£,;0, R) I AMIF I Z M oo
T M AR, e S oo
0— Q: 0 | R | B 0 = |
0 Q- 0 R, 80 100
CORNN
&
TEMLAG FLrb ) BUSE R SRR e 75 4l e A @
=% e S
(11, A, Q1, Qa, Ry, Ry] = [0.5,0.8,0,0,0.001,0.001] % 20 40 60 80 100

(81)

FE LA BT A 100 YT R SRR I T B
PAT, KPRk SR R0 SIS M =
2000, MK o' = a? = 0.5, EBREREH N N =
100. sbAk, S T ERUEPTRE PR EE R E Y, R
LR R T ZEREWI R Q= 0.0001, @, = 0.001.
W rs 28w, A, Q1, Q2, Ry, Ry WIAlivh &5 K ail&
12~ & 14 frox. Mesh, b TP RR A SO
FEPERE, R 6 RN TR FIEIR 2 B g 7S 2
B e Al

#6 ILEMSHEANN IS EUE (O £ FRfEE)
Table 6

parameter values (mean values + standard deviations)

True parameter values and estimated

ZH HSEAH i
0.5 0.5000 + 2.201 x 10~4
A 0.8 0.8002 + 7.892 x 10~*
Q1 0 2.9190 x 107° £+ 6.673 x 10~¢
Q2 0 2.9142 x 10~* £4.992 x 10—°
Ry 0.001 0.0010 +2.336 x 10~°
R, 0.001 0.00092 + 2.884 x 10~°

=
&
x
80 100
1 T
0 20 40 60 80 100

PESAW 2
K12 BRI 0N RIS TSR
Fig.12 The estimated results of model parameters

©and A
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K13 BEFEZAL Q. M Qo fliTh& R

Fig.13 The estimated results of noise parameters

Ql and QQ
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Fig.14 The estimated results of noise parameters
R1 and R2

M 12~ & 14 Hr) w7 LLE 3 A SC T4 1R 5
RAERE— IR EFFRIK B AT R AR ST, I B X
WCSICE ST T I 4A 1) S BUE D & e 2l . AN
12~ K 14 ) FATLATLUE 2, a8 4 70
WIEARG R C WS, DT A ST I Sk B
AR ICSIGE . R 6 T, IE T LA BIASCTHE
(AL B A R Al v RE BE. DL BRI S ) B 45 B it
W7 A ST H ARV T A (i M 7S ) A 2
PRGN,

34 AMIESRE

FEATTH, BATTRE N A SO $2 H R S0k Al
VH RIS 5 AL v g R P . A A N
P 5 AR T T i A% 5 12 o T
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R 0.1 0.100 + 1.686 x 103

K8 H Qi =01, TLMSBEMA TS
(M £ brrfEzE)

Table 8 True parameter values and estimated
parameter values when 1 = 0.1 (mean values £ standard
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Fig.16 The estimated results of noise parameters R, and
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