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Simultaneous Estimation of States and Unknown Inputs for

Linear Systems Based on Auxiliary Outputs

HAN Dong? 7ZHU Fang-Lai'

Abstract
systems when the so-called observer matching condition is not satisfied. Based on the relative degree of the output

This paper considers the problem of simultaneously estimating the states and unknown inputs for linear

with respect to the unknown input, a kind of auxiliary output vector which may satisfy the observer matching condition
is constructed. To deal with the unknown information contained in the auxiliary output vector, a kind of high-gain
observer is developed. The high-gain observer is able to estimate the auxiliary output vector and its derivative. Then, we
construct a reduced-order observer which can track the system’s states based on the estimation of auxiliary output vector.
Moreover, through employing the estimation of auxiliary output vector’s derivative, unknown inputs can be estimated.

The simulation results of a real model show that the proposed method is effective.
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BATRI yo W= DARNE B Y1 2, e 2 H =1
AT EE (11) KAGiE. 2w =0, 9 = 25V5t, n, =
25sin(10t).

FINFAR 13 T Yoo 2, 4 HI RIS 26U 25 12
T

Jor1 01 0] [ o
U2 | =10 0 1 Uz | +
g)'uL?) _0 0 O gv1,3

_@_

0

% (yl—@v1,1)

B13

EE

o 1] ][4
Z{ 2,1 _ Z{ 2,1 i
Yv2,2 L 0 0 ] Yv2,2
~ Bor _
0
(yQ - ng,l)
B2,
L 92

I ﬁn =171, 512 = 10, 513 =5.9, 521 = 2.1, 522 =
1,60 =0.01. BEYEHN Ju11(0) = 0.3, u12(0) =
0'17 gvl,S (0) = 027 QvZ,l (0) = 035 gv2,2 (O) =0.2.
IRHETTHE (40), FEYEDLIN &5 4
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940 H ) (4 £ E{:
( X r ~ 3
22’1 —1 O 0 22’1 Vo
by | = -1 0 200 | + 2f SRR — — - Estimation ofy,
Z2s | 0 6 -5 223 }
Y1 - :
y51,2
| —y1 — 10y2 — 10y3, » : . . :
r N B -2 1 1 1 1
22,1 0 2 4 6 8 10
22’2 : Va2
T = Ypr2 T 221 — Y1 ] R — — - Estimation f)fyvzz
Y2 .
L e of i 5
WEYME AN 291 (0) = 0.1, 229 (0) = 0.7, : : : Z
=S5t ; . . .
0 2 4 6 8 10

25,3 (0) = 0.1. SRJ5, BEAT ARSI A A

-

BT ORI 2 45 i T A B S AT, 1B 3 g T
WA, B4 T 5 g5 7 RENRA St
K 1~ 5 m] UG AL TR A N R

s N
y1)2,2 — s
s . .
~Yp1,3 T T3+ Ty

Yor
— — -lstimationofy,

Yoo
— — - Estimationofy, ,

Dy
— — — Estimationofy, |

Bl 2 B yoe ~ Yoo, KA TE
Fig.2 Auxiliary outputs yu2,1 ~ Yv2,2 and
their estimations

10

10

tls

-5 2 é;t 6 8
t/s

K1 HB yora ~ yor,s AT

Fig.1 Auxiliary outputs yv1,1 ~ yv1,3 and
their estimations

B3 REIRE 1 ~ a5 (BELR) KILAGTE (FBLR)
Fig.3 States z1 ~ x5 (solid line) and their estimations

(dashed line)
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Actual unknown input 7,
— — -Estimation of unknown input »

0 2 4 6 8 10

B4 RAEIA m = 2sv/5t L TER
Fig.4 Unknown input n; = 2sv/5¢ and

its reconstruction

4 Actual unknown input #,
— — - Estimation of unknown input #,
2 ..........................................
|
0k
| .
| ;
0 2 4 6 8 10
t/s
B 5 REIHIAN e = 2sin(10t) M HEMH
Fig.5 Unknown input 7 = 2sin(10¢) and
its reconstruction
5 iR

AR —RENE RS, BT T 00 &5 VLT
ST AN AL T B T FRDR 2 U I A0 AR i A A o £ 1]
R BT R AR R AR S BE R, A3 A A
By, Bz B AL VUG A 1F. Bt A e
BRI A%, A DCEEAS THH Bhdar i, IR REAS THH
By, Bt I R ERLI A, RESEIE R KN A
WAL TE RGOIRES. BATHTHE AR Sy A A v s
%, BENE X IRIN AR AT S AT A OE, JF H, Al R
AR B AR G RO 5 SR DR A ST 5 ik
HESRARLANE RS, R BAT R — PRI TAE.

Mz A

EIE 1 BYIERR.

F B AR T 3CHK [24]. 24 to < t < to + T(6) I,
Nou My A5, B Ay — LoCo J& Hurwitz FUER), FTLL 25
F5 MM, 2 to < ¢ < to+T(0) I, e(t) f1 57

Mt > to4+T(0) I, Hoe(0,0:), H ys=iga, &tk
(22), fi:

Ya — yi = Ya — ya = Ga(:a (A].)
NIEER

Hl(yz - 3}2) = Hi(Ya — GaGa — QZ)

f Xt (30) AL (40) W] :

Hl(yg — gz) = chaUZQ — H1GaCa — chaUég =
chaUe—HlGaCa (A2)

NI, RAIR (41) 2 %
¢= (o= LaCa) et (Got LaHh) GaCa  (A3)
K Ay — LoCo 32 Hurwitz F5EN, 1210 Py fl Q. {1i75:
Pu (Ao~ EaGo) + (A2~ LaCa) Pa=-2Qu  (A4)
% Lyapunov B¥ V, = 1" Poe, X} V, k3, il (44) I
3 (45) N[5
Vo = " Pu(Ay — LuCh)e + " Pua(Ga + Lo H))GaCo =
—€e"Que+ € Py(Ga+ LoH1)Gola <
~ Amin (@a) llell® +

Pu (Ga+ Lot ) | IGall 1o le]

1 [|Gall = 1 A1 (24) 777

, Amin ( Qa _
V< - Amaxipagxm (Pa) llel® +

Pa <G2 +l~/aH1> Ko

Amas (Pa) llel] <

>\max (1504>
_9 )\min(Q’ﬁ,) Va+
A (P2
B, (02 + EaH1> K0
V2V, =
>\max (Pa>
— 24 Va + KOV Va (A5)
E _ 2min(Qa) _ V2E[[Pa(G2+LaHi )| A
/\I'I'Iv Ha )\max(pa)7 \/Amax(lf’a) . EEjQ (46)
f:
Va < _Mava - Mam (\/‘7a - R) (AG)
Hi, R = k0/pa.

4 le]| > R W, X (47) ATV, < 0. Bz, A&
RTE e TERARRT R I BRAR N 2 — B & A7 LK. A,
HE Ve >R WV, >R, HVVa(v/Va—R)>0. it
> to + Ty (0) I, MR Vo (to+T(0)) > R? H Vi (t) > R, N
Vo < —paVa, TR Vi (t) > e #at=0=TODY (15 4 T (6)).
KRG, ATELR BT BRI ) T (0), 11324 ¢ > to + T (0)
B, A Va(t) < R?. Hrh
1

Tf(e)::r(e)+71n(

Va (to + T(9)))
Ha

RQ

5T, WV, (to + T (0)) < R?, 4t > to +T(0)
I, 47 Vo (t) < R?, BATATLAEPE Ty () = T(9). Fibh, 77
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R’
(©).
O

BRI Ty (0), 34t > to+T (0) I, 7 Va () <
B3 D in (P ) llel* < Valt) < B2, BT e(t) <k

Misk B
EIE 2 BYIERR.
=k (A5) I (A6) 13
n—=1"= H2 (Yo —ya) + F1 (Yo — va) +

Fo (22 — 23) (AT)

Mt >t +T(0) B, B O € (0,02), H yj = ga. &iE\(23),
:
Yo —Yd = Ya — Ja = GaCa (A8)

Mt >t +T(0) N, H e (0,00) I, izt (42) FIxk (A8)
T, (A7) WA

n—1" = HaGaCa + Fi1Gala + Foe (A9)
MERE 1 T4, 2t >t + Ty (0) B, A

K0

lle (I < . (A10)

Mt > 4o+ T (0) I, FL 0 € (0,0) 1, tizt (24) 4

[H2Gala + FiGaCall < [[H2Galall + [|F1Galall <

KO ([[H2Gall + [[F1Gall) (A1)

B Ty (0) > T(0), 21t > to + Tp(6) W, 3 (A11) JRHOrL.
FTEA, 2t > to + Ty (8) I, H 6 € (0,62) N

[n—2°ll = [[HaGala + F1Gala + Fae|l <
|H2Gala + F1GaCall + || F2ll llefl <
KO (||H2Gall + | F1Gall) +

Hrp

o = Kpa (|HoGull + | Gall) + £ || P2

HEPE 03 € min {02, %2}, T =to + Ty (0), Ut >T,0 €
(0,03) I, A |In — 7% < 4. O
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