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Abstract

The closed-loop state and input observer is a pole-placement type observer and estimates unknown state
and input variables simultaneously. Pole-placement type observers may have poor transient performance with
respect to ill-conditioning factors such as unknown initial estimates, round-off error, etc.. For the robust
transient performance, the effects of these ill-conditioning factors must be minimized in designing observers.
In this paper, the transient performance of the closed-loop state and input observer is investigated
quantitatively by considering the error bounds due to ill-conditioning factors. The performance indices are
selected from these error bounds and are related to the observer robustness with respect to the ill-conditioning
factors. The closed-loop state and input observer with small performance indices is considered as a well-

conditioned observer from the transient perspective.

1. M2

Z1A FA A2 13e
Aru JHTd e JB
]

Py 2E FHUSY dYASE FRsE Aol
oJ7| WEo] FHBASY A AHNS
g 43t A7 AP 9Y 39

#3 AFoA Park and Steine EA g3 o]9
u] 2-ghS o] &3t Ao JEHATE FAl
FA} = YHBAESIE AASH 20, Corless and
Tu?e EZdAd] e A2"A Lyapunov-type
274 o3 Fygare JHHFE FHPse &
A2 UL Xiong and SaifPE o] FAHslo

.

dgste et FEINATSH

" AAEHIAG

YA, 34, FFdEn 71AFHE
E-mail : khuh2@hanyang.ac.kr

TEL : (02)2290-0437 FAX : (02)2295-4584

-+

H 94 Al xE A9 IHAHIE ALeR

oy Ao FHuA riYe AYyHET|E
) ill-conditioning 3}A] (Asol ZFAstA £}
Ay AAE & YoM FF & A=4H 3 =
v AA4AH A8 2R F Joh g A 2
) 2Rea 2dY o Besox o A4
229t #2 ill-conditioning 84 & 1#H I #Z7)
o] A7 g8

BHRTLE FAHSE BE7Y FSd o8 7t
A A #BE7e HA 7IgEC] dFHIA
2 EAd Bt nHg VAR ANHO a4
FrafelEe] o A FHuA B3I} g
3 AP} ojFojon ol AT HHE
9] condition numberd =77} AFd & FFEL
nHE Bt 58 Lam and Tam"?E closed-
loope] IfF¥E 3&H2] Frobenius normell <A
condition numberE HAdde Fd9E& dAHI}
2 99 oM FHuAE Foz A A 2h
FZE 7FAAE 39} Huh and Stein®'Ve I %



RHAE7Y AFY AeARD

deist A4 dedAe] @71 Aol W ill-
conditioning 49 9FE AHRH PFAE=ZE
BN, °ol& 3hte] FARZ TN well-
conditioned(73¢1 ¥ A5& ZE) AEZVE AA
¢l E3 Pattern and Chen'?& nH-T=2 HiX
o o ey Bdy oz AT I A&
Ho) A WHE AAST

B =Fe FEux WY 98BSVl @
%59l Closed-loop State and Input Observer (CSIO)“)
AN A=At ZA4de] d5s F93e
FARE 2Rz do. CSIO= %@Hﬁil H&%‘
&g 27] FHLAY FE=X 23 F9
ill-conditioning 842 <13t FEAeH & 2
g FANG F da 2 xht A et
2 3ste ARG EHAA £ 2ag LA Z
Atk ool CSIO AAAl 7] FHA A W
Axo} A3t A7) T Judd Aol B
& 4L 538t ill-conditioning 8.4F0] HFEA
g Aol v 9 ABHo2 Yl 4
SAEE TR, JAE B3 HAEAEY FR
A4S AFdAT a8z Ry AYe
of izt A AR deARe FuEd
3yl 270l dth 49

B =79 74& 234 cslog MR
Bede) A S E At @3 CSI09

+

oA AAEE 30l UEhhglen], 43l
dAE B3 o A5AEE AFHAL, sFAA
AES BT

2. Closed loop State and input Observer'”

F37F al B9 FF 4(eR™™Y SoIH &
3l (Singular Value Decomposition)= &3 2t}
T T
A4=U,X,V,=U,0,/V,
o 71A,
U,= [IUA U A]
Vy= [IVA ZVA]
o, 0
Z, =7
0 0
Uy : Left singular matrix of matrix 4, Uy €
¥4 : Right singular matrix of matrix 4, ¥4 € R™
%: Singular matrix of matrix 4, 2, € R™"
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Table 1 Performance Indices for two observers

Desired pole

Eigenvector (P)

K(P) K(A4) | Ug'pl | m@)

Case 1 -50, -150, -200

-0.9467 0.9266 0.8796
-0.3066 03614 0.4631
-0.0984 0.1036 0.1093

2624 17303 313 1957

0 0.8742
-50, -500, -550 1
0 0

Case 2

-0.4856 0 23

0
12.5 1.1 1.7
1
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Table 2 Comparison of the transient state performance

Case 1 Case 2
Upper bound Actual value Upper bound Actual Value
lel, 1.596¢> 4.11 141 0.35
Meximum e, 2.92¢° 411 257 035
error
el 9.57¢° 1.86¢’ 8.43¢’ 20.56
2 el e 21.70 0.16 1.75¢7 6.20¢”
Overallerror | [ e ]l 39.71 0.16 3.20e 6.20e”
[ ey, a 1.30¢° 70.80 1.05¢? 0.07
Variation of the o -4 4 -6 -6
dominant pole |y — | 7.67¢ 1.45¢ 2.80e 1.00e
e pejol FHME HlW b=l x, 100%
271 AHESsY AL 023 Zo] AHe ::: =y
At .
0.2354 120
1123 e ]
#0)= 0 - ]
0.2914 . \
0.0034 m \ j
Table 2014 B 4 e AME HY A e ” S
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0.1 01
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Fig. 1 Relative estimation error of x;
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Fig. 2 Relative estimation error of u,
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