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System Fault Diagnosis Method Based on Mahalanobis Distance Metric

LIN Yi'.JI Hong-jiang® , HAN Jia-jia® and ZHANG De-ping’

1 Unit 91776 of the PLA, Beijing 100084, China

2 China Shipbuilding IT CO. ,LTD. ,Beijing 100861, China

3 College of Computer Science and Technology, Nanjing University of Aeronautics & Astronautics, Nanjing 210000, China
Abstract In view of the multi-index related problems in previous fault diagnosis methods and the shortcomings of the calculated
complication and low efficiency when considering multiple integrals,a system fault diagnosis method based on Mahalanobis Dis-
tance (MD) metrics is proposed to improve these problems. For the system performance state data monitored on a certain device,
the proposed method is to calculate the MD area metric method to compare the distribution of the Mahalanobis Distances of the
known data samples with the distribution of the Mahalanobis Distances of the observed data samples. Specifically, the MD method
is firstly used to convert multivariate data into univariate data,and the correlation between multivariable is eliminated,and the
complexity and uncertainty of multivariate joint distribution using multiple integrals are avoided. Then the area metric is used to
compare the difference between the cumulative distribution functions of the univariate data,and the area value between the distri-
bution curves is calculated according to the definite integral,and the smaller area value is the category of the sample fault. By
comparing with common fault diagnosis methods (BP neural network and Naive Bayes) it shows that the proposed method is
simple and effective, the fault diagnosis rate is high,and the calculation cost is greatly reduced,and the system fault diagnosis effi-
clency is improved.
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Table 2 MD from test sample to training sample

i3 MD1 MD2 MD3 MD4
1 1.5164 1.5276 1.1294 0.6741
2 1.4849 1.4994 1.1197 0.6820
3 1.5164 1.5276 1.1197 0.6820
4 1.5163 1.5275 0.5255 0.5011
5 1.4601 1.4971 4.1946 1.5818
6 1.5215 1.5311 1.7090 0.8645
7 1.4790 1.5068 4.1875 1.5769
8 1.4849 1.4993 1.7103 0.8645
9 1.4807 1.5091 1.7114 0.8661
100 1.4807 1.5091 1.1212 0.6817
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Table 3 Result of MD area measurement

N MD5 MD7
MD6 0.1071  0.4364
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Table 4 Hypothesis testing results of each method
AR Z 18 b1
MD 0.6428 0.4364
BP 1.2642 0.1647

Bayes 1.5742 0.2563
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Table 5 Comparison of experimental performance

MD BP NB
TPR 1 0.82 0.97
FPR 0 0.07 0.14
TNR 1 0.93 0. 86
FNR 0 0.18 0.03
PRE 1 0.92 0.874
AUC 1 0.725 0.793
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Table 6 Comparison of running time

MD BP NB
10 0.001 0.001 0.001
50 0.001 0.001 0.001
100 0.001 0.001 0.001
500 0.001 0. 005 0.006
600 0.002 0.010 0.020
800 0.003 0.015 0. 030
1000 0.0035 0.025 0. 050

M 6 AT LA Y, 18 53 & 3 /N, BP Al NB LA & MD
B 32 47 B[] B A< 4 [R] . i 4% 4 4k i 500 B, MD Jr ik 1y a8
AT 0 [B] 2218 38 K, BP 4 2 ) 2% AN 22 DL 307 19 3 47 B[R] 38 4
R, HJE MD J7 ik iy 10 f5 247 Ul W 76 808 &= K1 00 F
MD J7 i AR 4 AR T 3T R

0.05

— MD)|
— BP
0.04 NB
2
= 003
g
: /
; M 0.02 /
001 P4
0

1 2 3 4 5 6 7 8 9 10

AR E
K12 ZA7HF RS
Fig. 12 Diagram of running time comparison
M 12 FTLLE H, MD J7 ik (938 47 B 18] — B A0 IG, ALAE
bR AR T 2%, 3 B R ORZAE , BP Ml NB 78 S0 1 5/ i iz
ATHE 5 MD SEAHE [, T 4080 &5t 88 5 5000 B, BP #1284
RN 2R UL 30 3z A7 B AR 48, B ) 39 4 ERE PR G, 15 T



M B, AFE R T T G BE B Y R ST W O vk

63

MD J7 53 B OB A RS 4R, L B8 AR U b % Do i ) 52 2%
(B R, KR AR T B A,

GEWRIE AT X LUTE R RR 2 W 7 125 P AR TE 1) 22 48 A5 AH G [R)
R N 75 16 22 SRR 43 I B 0 2% ORI S Bl s AR SCER R
i 3 T4 [C R B (MID) B2 & (9 8 B 12 W 3. SR A AE W T 2
B Rl R D7 S B 45 1 000 AN AR S Y ZRE L IF H 0L B3
R O O 4% 100 AN A S DX A L O % B8l AT 3 — 1k
AEFR TR AR b T HURR A 22 R Y S TG B AR U P B
TR/ O S0 R A 28 S o T ok T A K 8 TN RE AR B
. BB ASIE R A MD I AR &7 vk i e R MD Jr
V4 22 A8 S IO i Ry AR S O L R SR TSR AR 2 A RS
A B 55 4% 1 DA AN P TSR B AR e O A AR 1 T [ R
BB A0 ) R TR v L A B A R AR 1 R R 3 AT RR AR
Z ) 25 5 AR AU 115l 4 2 ) A T AR T AR /N Y
D) Ay 5 A e R 1 28 531

AR H SRR R A Ll AT 5 BP A4 W 4% Kb
2 DU T B B 2 I AT EE S . L ROC B &1 L) . TPR.,
FPR,TNR,FNR,PRE, AUC 6 4~ GETEM 15 b L 45, i 1
MD J5 2 EA T 0 12 W 58 4 T AT Y HL O 3k a7 B 2, eI
FRAR 5 5 DR [ 42 % (4 HE 8 ST AAS A S0 vk R R
(o BN NI A N

2 % x o

[1] CHEN Y. Theories and methods of automobile engine fault di-
agnosis[ J]. Industry Press,2016(6) :56-57.

[2] MENG X P,LIJ L,ZHANG Y W. Fault Diagnosis of Building
Automation System Based on Expert System[ ]J]. Computer En-
gineering,2011,37(21) :273-275.

[3] ZHAO L,LU Z,YUN W,et al. Validation metric based on Ma-
halanobis distance for models with multiple correlated responses
[J]. Reliability Engineering & System Safety,2017,159:80-89.

[4] SIDHU A,IZADIAN A,ANWAR S. Adaptive Nonlinear Mo-
del-Based Fault Diagnosis of Li-lon Batteries[ ]J]. Industrial E-
lectronics IEEE Transactions on,2014,62(2):1002-1011.

[5] KARGAR S M,SALAHSHOOR K,YAZDANPANAH M J. In-
tegrated nonlinear model predictive fault tolerant control and
multiple model based fault detection and diagnosis[ ] ]. Chemical
Engineering Research & Design Transactions of the Inst,2014,
92(2) :340-349.

[6] ZHENG Q,WANG Y,UNIVERSITY Q N. Fault Diagnosis of
Generator Sets Based on Fault Tree Analysis[J]. Marine Elec-
tric & Electronic Engineering,2017.

[7] REN Y,YAXIONG B I, WANG D, et al. Fault tree intelligent
diagnosis technology for wind turbine drivetrain[ J]. Journal of
Drainage &. Irrigation Machinery Engineering,2016.

[8] ENRIQUE SUCAR L,BIELZA C,MORALESE F,et al. Multi-
label classification with Bayesian network-based chain classifiers
[J]. Pattern Recognition Letters,2014,41(1):14-22.

[9] HE S,WANG Z,WANG Z,et al. Fault Detection and Diagnosis
of Chiller Using Bayesian Network Classifier with Probabilistic
Boundary[J]. Applied Thermal Engineering,2016,107;37-47.

[10] CAI B,HUANG L,XIE M. Bayesian Networks in Fault Diagno-

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

sis| J . IEEE Transactions on Industrial Informatics, 2017,
PP(99).1-1.

XUE SS,LI X C,XU X Y. Fault Tree and Bayesian Network
Based Scraper Conveyer Fault Diagnosis[ M] // Proceedings of
the 22nd International Conference on Industrial Engineering and
Engineering Management 2015. Atlantis Press,2016.
KOWALSKI P A,KULCZYCKI P. Interval probabilistic neural
network[ J]. Neural Computing & Applications,2017,28(4) ;1-18.
T TR A 2 W 4 1 R S ALK K FRIZ W (D). K&
T AROR 2, 2016.

XU S,LIU D, LIU B. Application of fuzzy algorithm-based mul-
tiple cmac neural networks in coagulant dosing system []J].
Computer Applications &. Software,2016(3) ;23-28.

WANG D,ZHAO X ]J. A simple and fast guideline for genera-
ting enhanced/squared envelope spectra from spectral coherence
for bearing fault diagnosis[ J]. Mechanical Systems and Signal
Processing,2019,122:754-768.

ZONG M,MENG H,GU W, et al. Rolling Bearing Fault Diag-
nosis Method Based on LMD Multi-scale Entropy and Probabi-
listic Neural Network[J]. China Mechanical Engineering.2016.
FERNAN D M, CISNEROSRUIZ A J.CALLEJONGIL A. Ap-
plying a probabilistic neural network to hotel bankruptcy predic-
tion[J 7. Tourism & Management Studies,2016,12(1) ;40-52.
LIU D,ZENG H,XIAO Z,et al. Fault diagnosis of rotor using
EMD thresholding-based de-noising combined with probabilistic
neural network[ ] 7. Journal of Vibroengineering,2017,19(8).
ZHAO L,LU Z,YUN W,et al. Validation metric based on Ma-
halanobis distance for models with multiple correlated responses
[J]. Reliability Engineering & System Safety»2017,159:80-89.
LEI Y,LI N. Machinery health prognostics:a systematic review
from data acquisition to RUL prediction[ J ]. Mech. Syst. Signal
Process,2018,104:799-834.

MELLIT A.TINA G M, KALOGIROU S A. Fault detection
and diagnosis methods for photovoltaic systems: A review[]].
Renewable and Sustainable Energy Reviews,2018,91:1-17.
COWLING B J,HEDLEY A J. The Mahalanobis Distance[ M.
BM]J,2017.

MEI J,LIU M,WANG Y F.et al. Learning a Mahalanobis Dis-
tance-Based Dynamic Time Warping Measure for Multivariate
Time Series Classification[ J]. IEEE Transactions on Cyberne-

tics,2016,46(6) :1363-1374.

LIN Yi, born in 1982, master, assistant
research fellow. His main research in-
terests include military big data, mili-
tary modeling and simulation,and eval-

uating effectiveness of military system.

JI Hong-jiang, born in 1987, master, en-
gineer. His main research interests in-
clude military and industrial big data

and artificial intelligence, information

integration and modeling.





