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State estimation under irregular delay and

sensing failure*

Kentaro Noto

Abstract

In recent years, open measurement environment and control technology via
external sensors and network communication are attracting attention. While
such a system has the advantage of reducing the cost of equipment investment
and maintenance and inspection, it has peculiar problems such as communica-
tion delay and signal acquisition failure. In this paper, we discuss the design
method of the state observer for each of the two problems, irregular delay /signal
acquisition failure.

When using a shared network, the delay length at the time of signal trans-
mission fluctuates irregularly depending on the degree of congestion, causing
degradation of control performance. To solve this problem, a compensation
method using a switching observer that switches the gain according to the de-
lay time of a signal has been proposed. However, in the conventional method,
there is a disadvantage that it is sensitive to the noise of the measured value
because it is premised on the reuse of the signal. Also, because we use an aug-
mented system that includes delay models in state variables, the dimension of
the state to be considered becomes higher and the solution of the gain design
problem is high load. Therefore, in this research, we improve the conventional
method to 1) a method not to reuse signals and 2) a method not to use an
augmented system.

In the case where acquisition of a signal fails due to a sensing failure or the like,

*Master’s Thesis, Department of Information Science, Graduate School of Information Science,
Nara Institute of Science and Technology, NAIST-IS-MT1551075, March 16, 2017.
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the signal received in the past may be reused until the next signal is received.
This means temporary extension of the sampling period in sampling control.
Since this extension occurs unexpectedly and it is unknown how long it will
be extended, in an observer designed on the assumption of a fixed period, the
estimation error becomes unstable in the worst case. Therefore, in this paper,
we set the upper limit when the sampling period is irregular and consider the

problem of guaranteeing stability within that range.
Keywords:

State estimation, Observer, Sampled-data control, Irregular delay
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PLEIZ K DHEEMIFIRDO LS ITHEF I NS

Z(t+ 1) = Az(t) + Bu(t) + Lan. (2.12)
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Irregular delay
e

-~

u(t) | Plant x() | y(t — d)
O

@‘— Receive

Observer Length d [€~========== i

+

S S By S
Delay length d

LV

B 2.4 [FH—PocOUEARA 7Y =N (RERK)

n=y(t—d)—Cz(t—d;t) (2.13)

WEkoTERIN, 7'MV Ly ZPUHTHEI TN D, BETREHERDO T Y
RN %R 2.4 1R, 2B, d=0DHAEIFET 020 (211) XD X5 R¥E
FIARETH DD, INBRHFERGELEULTAEATVS.

2.4.2 A UEKE
(2.13) Rixx 5

n=Clz(t —d) — 2(t — d;t))
= CA™(a(t) — &(t))
= CA de(t)

13



ujrﬁé'z/b
BN,

"ESNS.

21, (2.10), (2.11) REF, FREHEIBEE e(t) = 2(t) —2(1)
T (2.1), (2.12) RE ERED

-
—

e(t+1) = Ae(t) — Lan
= Ae(t) — LaC A %(t)
= (A — LyCA Ye(t) (2.14)

INHMEERL DT, HHRHETOLREN (e(t) — 0) BEFET T

5 KD ITREEITNIX K.
(214) K&V TV Ly 25tE L & 5. £, #3Z Lyapunov £A%EX

(A—LiCAHYT'P(A—-L,CA™%) — P <0,
P>0 d=0,1,.., dna (2.15)

DOIEREZEL 72, T3 Schur OAEZ EAH L T LMIs

155, ZZ

([ =P PA-—X,CA™¢
Mg_( X P )<0, (2.16)
P>0 d=0,1,...,dmax (2.17)

12, X4:=PL; &EBW\7-.

LMI O (P, X4) 743 5 g, $2ED A THF =71 vk

Ls=P X, (2.18)

ZEoThHAONS., ZDOLE, #ER (2.14) RDOLZEMEAHE Lyapunov A%

V(e) =€l Pe

DFFEIZ X > THRIEINS.

2.5 HEVIal—

3V

\’l

251 vIal—YavE#H

ZZTH, RET S 2SO A T — N E N R OB & R
B S e LT, SOt [5] kRIS, DO E— & &80 L 7= o i i [13) %

14



= Azr + Bu, y=~Cxz,

AZ(S-QB)’B:(g)’
C=(10), z= ( g ) : (2.19)

InEY YTV T 10[ms] OV v T T L 0 RA—I)V RCTHEBL L7 D&
EXNRE T 5. BUEFHREIZIE MATLAB2014b %2 W, 71 VEHEIZIE SeDuMi,
YALMIP %\ 5%. B4 d IEKM [1, dpax] 1281 2 BE— RO AE OFLITHERLT
5. 7z, 77V M BIUHEROIINEEZ ZhTh

w0-(3) 0-()

L, fHEO-ORZ t =0 DENREIZ0 &35, £72, AJ1%Z v = 3cos 100t
£3 5.

2.5.2 —MIESINFILKRICK BEREHER

22T, DCE—ZDSDHAEE y(t) CEMESIEET B2 E XS,
ZOrE, R (219) OHIH AR

y(t) = Cx(t) + Dw(t)

ThdLT5. ZIZT, D=1&0L, wt) TFH0, 2810732 OHaMEET LT
3. dpax = 4, 2F D BRAENK#TZ 40[ms] IZFHEL, BE1ITEINTT 1V
2EHHET 5. 800 AT v 7, Tibb 8s| DHEEEIT, HEEMH L BED T
MARFTHE U, 20 1000 BV K L Z D %2 & - 72888, fEkiE 5] Tk
3447 x 1077 Fo DIz U, REETIZ 2454 x 1077 THho7z. Thkb, H
TNZBIHHES RS R T T, REEBICIVHEEEIRZEI NS Z 2D
N5,

15



2.5.3 [E—RITTHOREHER

ZZ T, 24 HiTHRARZE—IRGETOREERER %, SCHk [5] L KT 5. 2.2
DHFEIZFEDWTESOEMAZTS . MEIZEVREZE XS, dyax =20,
¥ 0 B AKENRZ 200(ms] ZEET 5. £, LMI(2.16) &k (2.18) 2k v ¥
1V EHET L. BUORARNER 2.5 10RT. K25 T, &EE520TXKL,
EERA - ZAZWEL 2 T 02 ulfitih & Bz 7oy b U7z, REIEIED LW &
RS T 5%, T DOAMNIC 200[ms] £ TOIFET—HRIZAMLTWD

® o
0.0F &% . ©8
C®
C)
0.8} A OO
© 8 ooO

Z07* Ooo (@]
[0)

0.6
g 8 @800
D051 0.0
£ 8 °
o] (@] ®
c 04l o ©
wn o 8

0.3r 69

%)
01 oW
o8
O o 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1

Receiving time [s]

2.5 Z:%EEIJ f&:i@ﬁ@*ﬁ?‘ (dmax = 20)

REOY 2B A THF— N2 L BIREE 0, 0 HEFREZ ZTNETNK 2.6, 2.7 125
T, HEEE i%m%mﬁi\fﬁc:%ﬁbﬂ\é

I, 0 DHEEIRAZIZOWT, REREMERE 5] DB ZT -7, #RZX 2.8
WZRT. EHOBHEHEEN O ANHT D Z e hbhs.

BT, dmax 2 10~40 2T 10 TR IZEZTIT > 25BED, 0 OFH Rl L
LMI ORAFIZE T B2 FAAR 2, #EEIX 120 ATy T, SEE TR 100
B, LMI OREIL 10 FIZNZNMED KL TEEE & 572, fER%2 £ 2.5.3, 2.5.3
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0.181

oLer & Estimation Value

014k —True Value

012F afi o,

I
-
TTITd

Angle [rad]

o
o
>
1

0.04{=

0.02

0 01.2 01.4 01.6 01.8 i
Time [s]

26 HEEREE (0)

R, ZORRNPS, ARG TOKREHT XD, fERE L REI EOVERE % HR:
LoD, LMI OFHERMEZHIHMTELZZ b9 5. ABOYIaL—varTik
*T7 54 TOHKE - HERIT>TWA D, LMI RS & 2R ST
N, RBEEEXVIA VEIRICHERAT 254, $HbOBYVTVRALTTA ViR
I/ EDTTCRHEMTHE e TREING. 72, MDA OMREEZZEL -
HEtETOGE LML OBMP A 5 2 BN FREINED, T3V ozr—22BW0
THHER DB EEZONS.

#2.1 0OFH_REE x 107* ()
dmax =10 dmax =20 dmax =30 dmax =40

Proposed 4.355 5.5634 7.0506 8.0772
Conventional 6.4524 7.7791 9.3368 10.0216
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.- ------ Estimation Value
35: ——True Value
© HE
8 2y
> I
&l
> |k
35 0OF
(@]
C
<
1k
|
_2 Il Il Il Il Il
0 0.2 0.4 0.6 0.8 1
Time [s]
2.7 HEERER (0)
# 2.2 LMI GH5RH [s] (FLiK)
drnax =10 dmax =20 dmax =30 dmax =40
Proposed 0.2308 0.2420 0.2645 0.2904
Conventional 0.5317 2.3666 10.8207 33.6580
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0.12F

------ Proposed
0.1f —— Conventional
0.08f
=
@
=
« 0.06{
o
=
|
0.047
0.02
0 * .
0 0.2 0.4 0.6 0.8 1

Time [s]

2.8 0 OHEEIRA ()
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B3E ATEHY YT T DODWTOMRET

3.1 FBBEREEL VAT LDEK
RE2HET 2HRE UT, ROMEBRRBIER A2 R
& = Ax + Bu, y =Cu, (3.1)

BEEAB. ZIT, zyu XENTIIREE, 1)1, AJ1E2KRT n,m,piIRocDORY

MLVTHBEL, (AC) IFABHTH 2 LIKET 5.

BIZIEXK 1.1 O kS 2B aE T 5L, HEHIERET 7 F 2 —XIZEKEL
TWADT (3.1) AD AN u(t) dEGERIZB SN, —F, FEEMOARE VP
FBFMEIZ R Y T =22 AL THEOND O VT DOEEDREBREVHEET
5. WEHIIES y PEER—EDEARREAM S >0 TH T v rEIhBEEEZ L
5. L IANE, EkB/HOAT Y FTEHNTKRUL, 55 y(kd) WEoniehr o7z
CRET S, D&, 1 ATy THIDES y((k— 1)) BZEIhTHIIE, Th
ZHMNHTZ2ONVEARTHLLEZ2S. ZOLIRZEFMES2EMNHETLZ L
&, FERBNZY T VTR 26 1o bDERBRTIENTES, FHHUD
KA & EIXFERBRIZY > 7Y VTN 36,40, LB, IERI NS A
WACEARTAY 6 OEBSFL 7250, FOHBZLIETE RV, TITHEEE, &K
B hmax 252, 1< h < hpax SIRET 5.

Bz, X 3.1 Tykd) HNk=2,3,589TEEonT, BEDESEHEMNMT
BI85, hpmax =3 2720, B 528270 v 7REfAIK 5,206,360 &7 5.

AFETlE, EBRDOEIBRGEIZHUTA (3.1) OETIIEDIS A TH -1 %
REIT DI EFEAD. ATY - NERR R CEET 2ABHGES I T I L
F—= NV ZEHLTHELN, LYV IRBEREIZLD ZOFMEIARBANCRS.
PED &S Ml EZK. 321D 5.
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T AT 1

~
Points of sensing/transmission failure

3.1 BT T (L) e T T (F) DAA=Y

U |x=Ax+Bu
y =Cx
&= AR+ BU | failure
y=c | = |

0-th order P
hold

Irregular hold time

n=y-y
Output error signal
in discrete-time

ﬁ\bt

Irregular sampling due
to sensing/transmission

3.2 RFEOT Ty 7

3.2 R’EE
3.2.1 T4 V&S
RETEATHF—NEIMOA
& = A% + Bu + Lu,

21
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THZoND. 22T, B1HOZRTIZLOHENEEn =y — C2 IZXKHWIZ—RE
iz 2l ITERELES. TR, WEESPEDbNTEMN LYY 7)) v
IRHEEDLGE%2EZD. NRVATLAEWEHEOAEETE T e 2 LD, T
ITEHATETEe ERAT DD e =0 -3 &EHTS. X (3.1), (32) &b,
AR

é(t) = Ae(t) — LO=(kd), for t € (K6, (k + 1)) (3.3)

PUEEOEE kTR LTSNS, (3.3) REKHZ LI &,

t—kd
e(t) = eAFDe (k) — / eA=k=T) [ Ce(kd)dr
0
te (kd,(k+1)5), k=0,1,--- (3.4)

5. Ioilt:=(k+1)0 2RAT B,

)
S((k +1)8) = e (ks) — / A=) 47 LCs (ko)
0
— (Ay — TyLC)e(k5), (3.5)
7 BRI AR AN E h NS, T2
)
A5 — €A5’ T5 — / eA(5—T)dT
0

LBWr.
XC, 3L HTHEELEZEDITH YTV ZRMMMEEDIEDEEB h < hpax
ThdLRETS. $5&, X (35) DIMV A ICESHDY,
e((k+1)hd) = (Aps — Ths LC)e(khd), (3.6)

Yib. TNDEEXAFIVZATHY, h=1,  hpax (LT (3.6) %
BB EIIA T =NV L RO

RE 2 HEVRETIAEA (Simultaneous LMIs)

—P<MQMM—XCE5><O
* —-P

for h=1,-+, hmax (3.7)

P >0, Mh:(

22



DILEfE P, X #FHWT,
L=P'X (3.8)

YEBY (3.6) RIFEEL 55,

SRR R (3.6) DIRBUTINCK L, b s Tt £rd Ths %5 THIBIZ #
Aps — Tps LC ~ Ty  ApsThs — LCThs, (3.9)

EHET. MUEBIZ L > TRERIFRFEINE DT, EROAHLITHIRL T (3.7)

AxEFEZ, (3.8) X% (3.6) RITRAT S L T Pe »° Lyapunov B 2 b, Z5E

MAREND. O
728, LMI(3.7) ®EHIZI3 Lyapunov AR Schur O [11] Z W 5.

3.2.2 RERADMRENE

AEITIX, HEEZE (Lyapunov BE) OBERZBEL, A7 -7 v %
FET S, MEREZHIIRET S I LT, #%e NBICINHRT 23X OREA
WirscE 5. £79, #HERNA (3.6) IXT 2ILED Lyapunov BIBDER V() %
V(t) :=el(t)Pe(t), P>0 &L,

V(t+1)<rV(t), 0<rl (3.10)
TS A Y LEFREIT S, 22T, r ik V() OBEREEKRT 5. V(i) OE

%rak(3.10) &b, §IfE KO AET, WER - 2 %48 L7 LMIs

— _1 —_—
P>0. Mh:( rP  PT,5 Aps XCTh6><O

* —rP
for h =1, , hax (3.11)

NETD., ZOM P, X 2#HVTK (38) 25T TRDB 71 V2155,
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3.3 #EYIalL—Y3av
3.3.1 HIE

FTWERHEZHNTS. B RTA=0,B=1,C=1295%, THIIHK
DE—DOMNORERTHL. DL E

) )
As =% =1, zgz/méwquz/muhza
0 0

HAYVTIVEM 6§ =01 0L & 32HOEHRZ2EZEBET AT —NT 1 V%
L=3/2r8LL, bLEEVEAAYPI L IHLNNGTLERIILZETHS. &
ZADY Y IVAMM RS, h > 40/3 Lot & ZiE

Ah5 — TthC < -1

EIMORGEL RS,

3.3.2 YIal—vavi#H

WIZ32HETIRELUEAEMY VT VLB T —NOEEE2Y I a2l —
varyTHERLES., FITH 3.3 D0& 5% 2 MNIEEEOBE TRy bEF X,

3.3 2 W ERE RS B AR Y b

24



v, 6, ¢ EEFNENBEIO R Y N O, FAA, HMNAOHEEL TS, £ ED
Hig~NOEE NV 72 ZNT N u,, w 2L, ANZu= (u,, w) &LZLE
DFEH SRR IZIRAD & > HdFE IR E SR Cald X 0 3 [14].

ajq 0 0 b1 b1
T = 0O 0 1 T+ 0 0 U, (3.12)
0 0 as by —by
v
y = 1 0 0 x, z=| ¢ |, (3.13)
0 1 0 ¢

2c 2cl?
_ S e A 3.14
WM tor, T T L2 2L, (3.14)
kr krl
by — _ N 3.15
YT Me2g21, 7 L 420,02 (3.15)

(3.14), (3.15) RD/NTF A =RIFE 31D LI IHET .
CDRDREE v ZHET LI ENWHWTHS. ATNTEIZYTIVEALTHES
hdel, UFTI

ur =0.1, wu; =0.14+0.1sin 0.3¢

525, —H, #ELHNARHESTALEZ, By OlsL L. 72720,
NSk vy U TEEDERBEIZL D R kb, ZODICY Y T IVE
HINE#T 5 L INET 5.

MR t = 012813 B T b A TH—NDOREE, TNEFN

0 0.4
l‘(O)(ﬂ'/4), :f:(O)(l)
0 2

Y95, EARME § = 10[ms] &L, > 7V VIR hd 1FER - RRELE
h € [1, hmax] ZERUTHRET S, T2 hpax =5 £ 95, ZHIMEESDVRET
4 [FERE L TRbND Z L ITHY T 5.
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#3.1 BE#HBERY bDONRATA—X

c viscous friction factor 0.01 [N -s/m]

M mass 0.6 [kg]

r radius of the wheel 0.02 [m]

[ || distance between gravity center 0.1 [m]

k drive gain 1

I, inertia moment of the wheel 0.002 [kg - m?
I, inertia moment 0.0011 [kg - m?]

3.3.3 YIal—YavER

LEDEMEDE & THTY =T U aFHEL, HEEZ21TS. (3.7) ADHAT
LMI 2§72 3 P, X %3k 5121k MATLAB R2014b & ffi{bY — )L SeDuMi,
YALMIP %\ 5.

BAID 300 [ms] (Z2D2WT, EfIhzy > 7Y YIRS T YT v,
R—=IV R U HEE n 28 3.4 1R T . 7T 7O EAF O A 7 v
TTOMERL, FERIF—INV R UEBHEERT.

W

015
Timel[s]

3.4 AERNZY TV v I NI B IERAEE

WIZ, REER 0, ¢, ¢ IZTDOWTEM L HERDHBIGE 2 2 ENH 3.5, 3.6,
3T ITRT. RHEARET 212 0oN T, HERMRERIZ BT LI erbhrs.
E7z, BRI 300 [ms] D v DHEEFEAEEK 3.8 1T/RT. FEMEBHRIE, ThEhig
i (REY > 7)) v 7z kB8 ki (v 7)) v Z % 10[ms] 12 [
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0.47
|
0.354 — =Estimation Value
| ——True Value
0.3
1
0.254
w 1
=
g o2
- )
>
0.sp!
1
0.1F !
‘.
J
0.05- rt
o . . ,
0 05 1 15
Timels|
v (=35
3.5 HEERER (v)
ir A
f
0.8 L=
t
06 1
1
04 . .
1 — -Estimation Value
ozl ——True Value
"g 1
=i
1
< -0.2 1
1
04l
r
06§
I
-0.8
I
1 . . ,
0 05 1 15

Timels|

3.6 HEER (o)

ELUTHEN THD. 3.8 K0, ERETITHEHEVLALEMLTLESGE
Th-o>TH, REBIZIVHCTHEDPORT 2 Z 2205,

E72, hmax DE SIZKERGE BIZIE hpax = 100) IZDWTH, BEEIZED
LREIRTA VEFGTHIENTE .
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! - -Estimation Value
15F %
——True Value

$ [rad /s

0 05 1 15
Timels|

3.7 HEEHER (0)

3.4 HEHEEERR

3.4.1 &%

AHiTIE, M39DE>5HB R —VveE—YarvFy 7Fv 2 AV EBRER
&0, BEEOEERZMHERT S, N— K7 71X Parrot #:® AR.Drone &
OptiTrack D E—Y a v ¥ ¥ 7F ¥y VAT L2 HVS. AFEETIZ AR.Drone
D 3IRTENLE, 3RTCDEEMH (v F, B—)l, I—)%2E—2aryFy¥r IF+¥ T
WEL, ZOEFEZHWTAT7IAVTHET S, 20, Y7V V7RI
HIEl & FRRIC —FRELENCTAER L, T > TA T N T IV EDET IO
HiiZ%Y 7Y 274 %. AR.Drone (&8 HY 7 b AR.FreeFlight % F\\ TH#
EL, ANY v REEZHBHY AT AL UTHET 5.

HEEN G, DARDHRNY v T ik 5 72 DI HAL S 7 sl e O IR B8 5
X [15] & T 5.

T = A, (3.16)
y = Cex, (3.17)
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000100 0 0 000 0
0000T10 0 0 000 0
0000GO0 1 0 0 000 0
000000 0 AeAemma) g g 9 0
0000 0 0 ZAutldomg 0 000 0

A—| 000000 0 0 000 0
0000GO0O0 0 0 0100
0000GO0O0 0 0 00 10
000000 0 0 000 1
000000 0 0 000 0
0000GO0O0 0 0 000 0
000O0GO0O0 0 0 000 0

X
y
z
1 00000O0O0OOOO0O0 i
01 00O0OO0OOOUO0OUO0OTU 0O (]
001 000O0O0GO0GO0T 0O :

C=10o00000100000]| | ¢ (3.18)
0000O0O0OO0OT1TO0GO0GO0O 0
0000O0O0OO0OGOT1GO0GO0O0 W

¢
0
(0

z,y, z RKO—=Y 0 3RITHE, ¢, 0, v FFNENE Y F, 00—, I—Th5. LK
AOMISERIEN 3.10 DB TH S, £, m i Fuo—r OEE, g IXFESNMEE,
Ay, Ay, AL ZEINELTH Y, ThEhm =042, g=98, A, = A, = A, =0
Y55, HAEME 6 =10 [ms] &L, 7Y VIR hi 13— ALK
h €1, hmax) ZHERUTRET S, T hpax =3 T 5.

U EDSERHEDTT, KX (3.11) XV BEELIRE L7 1 V#E &5, wNY
v W DALE L BB % 10[ms] ORIBCY > 7V v /L, ZhalhiESy LU
2. XI5, HEUZ X o THEBRINAY VT VIR he IZHESWTH S
BTV T URBOHEERIT- -,
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3.4.2 HERR
WLz r=1,09¢L, TNETNITHL THEH&1To 7. HEEMDHIEZ
#0)=(01 01 01 01 01 01 0 0 0 0 0 0)"

EHZ, HEEIT-o7-. REBMHEDS L, iE, BEMOHEHEZK 3.11, 3.12
WCRY. ZIZTl, E=YaryFy IF v il XoTEHIIL 72 {E 5 2 IRED BEAH
L, HIELTWw5. ¥ 3.11, 3.12 DfiRE2HKT S L, £5566HL5BEHE
EREMEIZPR L TWB DY, Rz & y OHEEREERT, BEREZ/NILTEHI LI
Lo THEEBEN L D IREAVWABEINT VWS Z Db 5. BERIIANRM;
ERAEDINRDEI Z2RET LD THEEDD, ULEOKRLD, BEREEE
TBILTRAEDIUREAVWDNHET 2T —ANH 5T L BHERTE 7.

3.5 EE

B DM 5 2 X E MY Y 7Y 7 OB 3 DU & R B 24
B

I€) = [ Qe+ Ry

ZHRELUTHRELAZHMDDONPERTH L. R 7)) v 7 DGE S O EE
MTENITLEFI LWV, HFEATIRERTETWRY., ZOEDNSBOBETH 5.
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Estimation Error [m/s|

------ Conventional

4 | —Proposed
15 . . 1 HI Lt )
0 0.05 0.1 0.15 0.2 0.25 0.3
Timel[s]

3.8 HEETE D

X 3.9 AR.Drone DE—> 3 v ¥y 7F vIZ Xk BEHH

Z

Pitch
X

X 3.10 Ru— FoFEfE L sy

Roll
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0.9
08
07
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R 05
0.4
03
0.2
0.1

0.01

ad

002
=

rol

—— Estimation Value
—— True Value
5 10 5 20
Timels]

—— Estimation Value
—— True Value

5 10 15 20
Timels]

—— Estimation Value
—— True Value

Timel[s]
X 3.11 JR=ER

—— Estimation Value
— Trye Value

0.1
£
>
0.05
o ‘ ‘ ‘ ‘
0 5 10 15 20
Timel[s]
0.04 . .
—— Estimation Value
—— True Value
B}
<
-
=)
)
=
2

-0.02 . . : !
0 5 10 15 20
Timels]
0.6
05 W
—— Estimation Value

—— True Value

o
IS

yaw[rad]

0.2
0.1
0 ‘ ‘ ‘ ‘
0 5 10 15 20
Timel[s]

r=10& XDHERER
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0.2
0 —— Estimation Value
—— True Value
— -0.2
£
) . M
-0.6
-0.8 : : : :
0 5 10 15 20
Timels]
147
12 —— Estimation Value
: —— True Value
' L/\_/\/\V\
= 08
£
N 0.6
0.4
0.2
o ‘ ‘ ‘ ‘
0 5 10 15 20
Timels]
0.01 . .
—— Estimation Value
0 —— True Value
-0.01
=
@ -0.02
=8
=
'—O< -0.03
-
-0.04
-0.05
-0.06 !
0 5 10 15 20
Timels]

3.12

—— Estimation Value
—— True Value

0.1
A
>
0.05
o ‘ ‘ ‘ ‘
0 5 10 15 20
Timel[s]
0.04 . .
—— Estimation Value
B}
&
-
=
)
R
2,
-0.02 - : : :
0 5 10 15 20
Timels]
0.7 . i
—— Estimation Value
06 —— True Value
__ 05
F
= 0.4
2
= 0.3
>
0.2
0.1
o ‘ ‘ ‘ ‘
0 5 10 15 20

Timels]

BWERr =09 0L XOHTHEE
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F4EF BbHWIC

4.1 F&&H

AL T, *v 7 —=27 - 2oV 250722 8E U7z 2 DOMEKEICD
W, & 7Y =N & BAREEHEE FIEE MG U 7.

B2ETIE, XA LARY TR IE DB T IRIZOWT, EkiE
DREZEITo7z. £, {EREOUBZIEA 7H —NDILRR%E —BRILL, EED
MAHZ LR WHEFEZRE LU, RIZ, HAHZAHRE bf:, [d] —RT D F
TH—NIZ L BMETFEEZRE L. Y5 560FES & H1Z, L@ Lyapunov B%K
WCHD KN LML ICRE S, BEOUBZICH U TLE L REHG 275 7.
DC € — X OEEH % 5 2, BUHHEES OFE N CREEDO APHEERAZVD/NI W
&, LMI ORERFRIAENZ & 2R L 7-.

BI3ETIE, VY TIVEREHEIZBEWT, Y7 VRO EREED, T
DHIPFAANTLEWEZ RIS 2HE—T A VA TH—NZRELZ. FHT22TOY
YT VTR BT B R OB AU X D ERAERE RO, #AL LMI A%
EHH U7z, 2 R R E Ry bOBIEY I 2L —Yavic kb, @YY
TV UL BHEITIEALZEMA LT LUES T —ATH, BEEIZEVHEERDL
ELRBI e aiENDI. £/, Na—V e E—Yardy 7F v 2HW I ERE
BRCIX, WEERZHBETDII L THRIAINEINDILENH D Z & 2R L 7-.

4.2 SEOEREE

%2, 3EMLEOREIL, FETORTEOHRETH L. 1.3 TR /@y, il
memw@ﬂa%9<ﬁﬁi,@%Kﬁ@ﬁa@@gzkﬁbf EME % LT
LERSFNZR B DTH D, K 0 RAFEDOEWEIEE X Lyapunov BIEUZ & % 85t D #Et
WRDoLNS.

23 HICHEHNRPALERTH H5EG, BEOMNERITIILZENZRIET 5 D0
LWz, NRELZERIZWE LU, BIEOFEPLLERIZENIZENIGTE
Zh, £TEYIalb—Ya Tk BEMARMEREREMAS B E L 5.
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2.4 i Fiklk, LMIGHEICET ARHEIHKTESZ Ny Ialb—Ya vl
K OHERTEZ, VTNRALTT A V2 EHT LREREICN L CEMAPIET
5.

REMH > TV v 22T, 3.5 8ilZH D & 5 IZFMEEZ W 7= &z
BEHTE TV, BARRIZI Riccati HFRADEHATETHE ST, ZThE45%
DIRETH 5.
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S

RIARGHE - FERDFFH
AR BRI 0N & AL

ik

9, REZEDLIZH0, REHEDOEES
T, ZRETHHERTENZHIBEY 2T LHIHAFEZDF
HUETXT.

BItLUWH, RIFEEHE 25 EZ I THE, ¥IF— IV FHROLG TITMRERER -
A LT T oA F XAV a—T 4 VIV AT AREEDRARE —H
BACESHLHE L B E 9.

TEBIT 7% 255 CARMZEIZ B U TRED DN 2R R %2 THO 72 R S BB 12
JELELHEL B ET.

HEDMERWEREN S, MENRICESET, ANRIE - JHE2THW
AR R BB R BT W2 U E T

FWIT U7, JRREE - EEREMS T2 < XA TS 2 HW 72/ MR B
WEL BN L X T

HIRFR E OB LY, £ OFEBETFHE 2HEIRIT U THEE £ U2 AHEE
HEOMEFRRIZES LA L BT £ 7.

2 B ORFHAEFEDOBNEHWE AL, RICIEMELOSEEZMITITEHAT
THW 2= 0 kES, R, BEOHRITEH#H L E7.

BRAIZ, BIZLDDXZ LR o5k, KANZLDL D E#HEBL EFET.

AN
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C. Schur OfrE

B [11),[12) ERBTI X AEASNEE TS, ZOLE, ROMEZEHT
5.

1.

X1 X2
X = >0
( XIT2 Xoo )

2. X131 > 052 Xop — X5X1' X12 >0
3. Xog > 052 X1 — X10X0 X15 >0

D. 2#&@mMMEREFEREORY NOBEETIV

3.3fioBE TR Y b OFRERIROEH A TRDINS.

I,é = Dl — Dyl (4.1)
Mo =D, + Dj.

L7z, et OEKE)R O BRI
Iw(% —+ Céi = k:ul - T‘Di, 1= T,l (43)

EROLIND, ZTIT, ENRNTA=REFERZ1IDIDIZERBZBINTVWAEEDL L,
D;, 0;, w; \¥FNTh, KEEEEGOEKE) S, LA, EREASNTHS.
—F, B o, v, 0; DRMATFLEARIIIRRND S 1z RbI NS,

r0, = v+ 19, (4.4)
rh; = v —1¢. (4.5)
T
SO, BBy bOREESEs = (0 ¢ § ) LU, HlBLOERD
T T
ﬁWFW7%u:(1W w) ,mﬁ%y:(v ¢> YEarE, ZOETL
13 (3.12) ROMPIREH A TR T Z LA TE 5.
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