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A Quantitative Performance Index for
Discrete-time Observer-based Monitoring Systems
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ABSTRACT

While Model-based Monitoring systems based on state observer theory have shown
much promise in the laboratory, they have not been widely accepted by industry because,
in practice, these systems often have poor performance with respect to accuracy, band-
width, reliability(false alarms), and robustness. In this paper, the limitations of the
deterministic discrete-time state observer are investigated quantitatively from the
machine monitoring viewpoint. The limitations in the transient and steady-state observer
performance are quantified as estimation error bounds from which performance indices
are selected. Each index represents the conditioning of the corresponding performance. By
utilizing matrix norm theory. an unified main index is determined, that dominates all
the indices. This index could form the basis for an observer design methodology that
should improve the performance of model-based monitoring systems.
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Fig. 1 Estimation error of X,(¢) from the conven-
tional observer
(Case I: With zero initial condition)
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Fig. 2 Estimation error of x,(¢) from the conven-
tional observer
(Case II: With the directionality analysis)
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£ ztethe 3L 4299 A4 blaseAd 3
A4 A7t AT 5 Yoke A& guP

(34)

B, UEV| MAE st FXIE 4F

#2718 7128 § AANAN2"Y A HaHAe
BE ARG e AREL s gt A3
A% 9% ill-conditioning 845 9] Ftie
ejujo|q JFAREe] Hi3E S5 well-con-
ditioned #&7)elth,

a8 ez #2719 conditionings A #HEHet
2 well-conditioned #2718 % 4dAYS ©57]
A e 2 ASAEES didhe shvte] AEE 2
Aok dt. BE HAEE EA AiHydde BF
71 A9l LE AdEshe AL 447 €71 Wi 949 F
Ae = Bestt 28y s E Table 14 3
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EA5H 2AL g2 SR E L e o
g /9] g2 P9 condition numberelch.

k,(P) =i PLI P L, (35)

2 Table ld & A¥AESH A9 AxAeldE
Thesl AeRAsL e

£(P) 5 ik (P)
,—(;;—lskz(m (36)

max
i |‘ul - 1)
k(® - LH - Iy sk,(PY ————
-

felA A& F 742l 4 Golob and Van Loan™#
Stewart®e] 2Ztzt et gla A A 4o fEE B
Eo gt}

4 (28)25E oiREr nHdEPEL condi-
tion number k,(P)7} ©13#&7] 4AGA A
LgEojor 3= A AA AR BE ¢ F Y. @
2t B A1dME well-conditioned .ol 8+# &7 4]
d& $2 X (main index)2M k,(P)E Agtgt}, o
A7 42 A2gd F 1 ez HJ5AR
k,(@,)7t & kg #A 37 $idtd

X,

9 ghol AA ok Bk, & =A 589 o) g F

A#E=
k,(P)=5.0662¢ + 6

o] Ho} vj& & FAT FoerRH 5RY o gHEY)
7} ill-conditioning S4 59 it o} $ AdE =
AE 43¢ & sl ey FARE JA FozH
9A8A %2 well-conditioned o] 3&2718 AA S
= Aol sMgdtA dh. AHAT FLAMY well-
conditioned #&71& HA e Y2 Huh and
Stein® el A LE= gt
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6. 2 E

#2719 el oM BEAHe oAy g
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594 A4R0A 93 BFE A vAe I F
& ARzoz Ty o|2HEH YSAREL 7Y
o & #27] 4% e A 7 Ax2 Yeho
At 1) B2 (@-LH-1)9 Lxgd 2A%
condition number, 2) L& 2A% nfHE 3
d P 9] condition number. 2832 3) HEZHd
fgats 5 TRUEG F2 i) fEe o
F. 3 o] NEEY FAVAZRY #ASV)Y AA
%% Jehie FAE(main index)® #&718¥
(P-LH-1)9) a/EEYPE P9 Lo TAG
condition number’t ¥& RSttt 133 F2 F4
E & e oAdFAHEIE LA A2 ARk
& ZA Hof ojd#AF7 e AR ATl Fhe A
£ B35 "}

o] #AEY FLAL A F XE B 5
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Hel o #3719 FAE go2RY FHYFS %
& & glon, E4 o FARE HAHIUA FH4
Fo] Hold #&7|E 47 s45stA At o] £ s}
A7b 2 wdA BAFE FE 7]qx7 "k

5 7]
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