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Quantitative Evaluation of Actual Fault Diagnosability for Dynamic Systems

LI Wen-Bo':? WANG Da-Yil?2 LIU Cheng-Rui®?

Abstract This paper proposes a novel approach to quantitative evaluation of actual fault diagnosability for dynamic
systems. This approach, which can quantify the difficult level to detect and isolate a fault without designing a diagnosis
algorithm, provides a guidance and reference for the technical purpose of improving fault diagnosis ability in the system
design phase. First, fault diagnosability evaluation for the dynamic system described by a state space model is converted to
a statistical probability problem for distinguishing the similarity of different multivariate distributions through the model
standardization and the parity space method. KLD (Kullback-Leibler divergence) is introduced to present the principle of
evaluating fault diagnosability based on the criterion of distance similarity, and the shortages of this method are pointed
out through rigorous proofs. To make up these shortages, a new method for quantitative diagnosability evaluation is
designed, which is derived from the probability distribution of fault vectors and the cosine similarity between two different
fault vectors in the view of directional similarity. Finally, the validity and superiority of the proposed approach are verified
by numerical simulations.
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evaluation based on directional similarity in a 2D space

Graphical demonstration of fault diagnosability
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Fig.2 Flowchart of the approach to quantitatively RN L1 A b BR AU 1) e % B R s 0 u;?,éfﬂg,; dt
evaluate actual fault diagnosability TN RAF I (1] 1) g
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XS EAE N dt=01s; 7, =1/11;
wo = 0.06 rad/s; n,, ~ N(0,107°); ny, ~ N(0,107%);
Nay ~ N(O, 1075); Ng ~ N(O, 1074).
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Table 1  Evaluation results of fault diagnosability for
dynamic model (23) based on the KLD method

FD fi f2 IE fa
fi 0.1613 0 0 0.1087  0.0549
f2 01613 0 0 0.1087  0.0549
fs 10179  1.0000  1.0000 0 0.0549
fo  1.0717  1.0000  1.0000  0.1087 0

1Sy T STk [16] BT FH 5k 0 T RS R mp
BB ALV 5 . Horh, £545 “FD” ifEd &R
Fit o W P ARG 0 2 DY 4 s A BB A S Y
Wi 2 [ (1) 0] o 0 ek VP &5 2R

MEE 1 Al LW A W 1) MORE AR
DU ) OF A B A 22 R, B /NE A 0.1613,
I KAE 0 1.0717, w7RL M N & B B HE R
N fa>fa>fi=fa 2) Wb f1 5 f, 2
NI A T = T G S 7 KO NG /S
FI(fi, f;) # FI(f;, fo), B0, &k fi 5 fs LK fs
5 fi Z 1A B mT R BS54 0.1087 A1 1.000.
X2 T RANBLE T BT M N 45 R (30 (23))
Table 2

dynamic model (23) based on the directional similarity

Evaluation results of fault diagnosability for

method
FD f1 f2 f3 fa
f1 0.9789 0 0 0.1800 0.1687
f2 0.9789 0 0 0.1800 0.1687
f3 0.9909 0.1800 0.1800 0 0.0614
fa 0.9914 0.1687 0.1687 0.0614 0
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Table 3
mode fcs; in satellite attitude determination system (24)

Evaluation results for diagnosability of fault

FD fgy fh@
fou 0.7148 0 0
fro 0.7148 0 0

R4 WBERS £ ATIZWTEEPEN S5 L (X (24))
Table 4

mode frs

Evaluation results for diagnosability of fault

i in satellite attitude determination system (24)

FD fgy fh9
Toy 0.9300 0 0.2500
fre 1.0000 0.2500 0
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Fig.3 The fault diagnosis algorithm based on

double observers for a constant fault
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Fig.4 The fault diagnosis algorithm based on

double observers for a ramp fault
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