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Research on Sensor Optimal Placement Method Using

Quantitative Evaluation of Fault Diagnosability
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Abstract A method of sensor optimal placement using quantitative evaluation of fault diagnosability is proposed. With
the idea of K-L divergence, using quantificational indices of fault detectability and isolability under different fault conditions
are obtained by calculating the difference degree of residual probability density function. Sparse kernel density estimation
and Monte Carlo algorithm are introduced to overcome the difficulty of estimating the residual probability density function
of K-L divergence calculation and high complexity of K-L divergence computation of nonlinear structure. Secondly, with
the quantitative evaluation of fault diagnosability, the optimal set of sensors satisfying the expected fault diagnosability
is given by means of dynamic programming method. Finally, the validity of the proposed method is validated through

numerical simulation and physical experiment simulation in a sensor optimal configuration of fault diagnosis system.
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Table 1  Fault diagnosability analysis
FD fi f2 f3 fa
i X 0 0 X X
f2 X 0 0 X X
fs X X X 0 X
fa X X X X 0
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Table 2  Quantitative evaluation of fault diagnosability
{1‘17$3} FD fi f2 f3 fa
f1 0.036 0 0 0.058 0.061
f2 0.054 0 0 0.099 0.054
fs 0.008 0.051 0.074 0 0.116
fa 0.093 0.059 0.053 0.129 0
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L A LB — G BRSSO A TR, E T
AT AIE TR PP S5E — 2. 2) 4 Fhmy A
AR, 4 PR oI, AR,
B R A B/ IMER 0.008, FieKAE R 0.093, AT
RV BRESHEE N fa > f2 > f1 > f3. 3) 4
MR o A0 fo AN, SRR B, (HA] 2 bk
GERAKIRR, B FI(fi, f3) # FI(f;, fi), 4 Tl
] o B RN —. BN, W f3 5 fa wl o
EEPERALSRR Y5 0.116, Wl 7 kAo, ks fo
5 fa ZIEE AT B AR bR 0.054, W] Btk
Bess.

%5 SR B MERERER AN {2, za}, WAL
BE RS BRI AR 3 FR.

3 RIS WAL TR

Table 3  Quantitative evaluation of fault diagnosability
{Iz,fm} FD fl f2 fs f4
f1 0.055 0 0 0.089 0.083
fa 0.086 0 0 0.098 0.063
fs 0.122 0.133 0.126 0 0.285
fa 0.232 0.080 0.059 0.180 0
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Table 4 Quantitative evaluation of fault diagnosability
for nonlinear systems
FD S f2 fa fa
fi 0.660 0 0 1.412 1.564
fa 0.671 0 0 1.273 2.229
fs 1.532 1.518 1.936 0 0.330
fa 1.510 1.617 2.520 0.202 0
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Fig.2 Sensor optimal placement based on

=3

<

dynamic programming
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Table 5  Quantitative evaluation of fault diagnosability

for nonlinear systems

{2, x5, 4} FD fi fo fs Ja

M4 FTPAE H: 1) RS (21) 4 Pl iy ]
ARG, H R AR AR SRR, TR f A s m R
BEALTEbR /D, S 0.660, HFE f3 (AR R I P
fbietrRimR, h 1.532; 2) 4 Pl il f1 5 fo
ANATHEo B, Btz ob, ol s n 94 25, FL
B n] o B AL FR AR RN —.

=4 TR REE A W s AR, RIER
Gk T B RAE RS RS {71, x2, T3, T4, w5} BT
TEMT a5 SR, i R GEl s 2 Wik B AR K
P AETR E e TRA . EiE 4 RIS
R 5 Y6 T AT AL A I AL B, b R A 2
FiR.

ME 2 W] AE Y, A5 R G 1E RS T
1R EAR T AR B T2 Wi 15k 100 %, )35 F A% 2%
PN LA 240 34 4 AN, SRS WAL I
W Rl 43 AE ] i KA 4.3 %, 23.9 %, 66.97 %,
71.04 %.

T ARG B ]2 W AR TR AR 60 %0 MR
LU A AL AR B £, BT ) D04k 7 T 15,
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B nl o B AL R AR I HE — R EE BN, (HANE
T AR 22 G0 A s T RS I AR RT o P A AR O e
HAE R A5 L1 2 R Sk B ] 12 Wi itk i st M g

f1 0.460 0 0 1.142 0.465
fa 0.423 0 0 1.103 1.110
fs 1.067 1.174 1.248 0 0.143
fa 1.028 0.379 1.039 0.156 0
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Fig.3 System structure diagram of vehicle power supply
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Fig.4 Module diagram of vehicle power supply
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Table 6 Common fault description of vehicle
power supply

4 A A
fi &IP3
f2 ST AR 2E
I3 AR TR R
Ja KAWL
fs RYUHE
e AR A SR i e
Iz W I 4 e

REAL I Y 2R SUIR AL R3O 2R 48 vl RE A 4 AR I
B, ARG LG R I B A R (V).
R (1) M (7). TIEE (p) . SR (1), ffs
(P) BodJE (Vi) & 7 4

N T BB R GRS W H Y, AR LA

AL SRR T X T R EA R vy, i = 1,2,

o T SRR D AR R, HES R RRAE
I SR I A A L P S AU WL R X R 2 1 S . R
A CTEIRT {10} kR ZER AL, (07 FoniklE
XIRZEEBA s “17 TR MR ZE AU K
T X T R BRI AT A I W] AT AR G
MEFEA IR 7 Frs.

BT RO G R R G AT T
G, SR TR R AT REATAE RN T Rl AT
B n] 2 PR E A, Ut B T AR R R DA
BeE, S K-L B0 ikt A s s a5 it i i
PEGY, SR INZ 8 PR, R T B Al
& 8 MERATER A, PSR EOEE a2 Wik
MIIEE—Ee 1) Frany 7 Ml sy gk il 2)
TERTAHY 7 Rl RO I s, g £ M f AR



1136 H 3l 1k

¥ 4

44 %

AR LS B
®TOMEERS R EVE

Table 7 Qualitative evaluation of fault diagnosability

T1 T2 T3 Ta Ts Te 7
f 0 0 0 1 0 1 0
f2 0 0 0 0 0 1 0
Vel 1 0 0 0 1 0 1
fa 0 0 1 0 0 1 0
fs 0 1 1 0 0 0 0
fe 1 1 0 0 0 1 0
fr 0 0 0 0 0 1 0
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Fig.5 Sensor optimal placement based on

dynamic programming
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Table 8 Quantitative evaluation of fault diagnosability

FD fi fa V! fa fs fo f7
fi 0.3462 0 0.1298 0.8978 0.1290 0.1432 0.2765 0.0988
fa 0.4387 0.1304 0 0.8070 0.9908 0.1435 0.2787 0
f3 0.2122 0.9029 0.7865 0 0.7434 0.4634 0.4172 0.8432
fa 0.3456 0.1300 0.8990 0.7321 0 0.6432 0.7432 0.8432
fs 0.6783 0.1765 0.1543 0.4764 0.7325 0 0.3434 0.1088
fe 0.5435 0.2910 0.2898 0.4278 0.7000 0.3299 0 0.5898
fz 0.7646 0.0910 0 0.1022 0.7853 0.0987 0.5786 0
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