
 Advances in Production Engineering & Management ISSN 1854-6250 
Volume 12 | Number 4 | December 2017 | pp 321–336 Journal home: apem-journal.org 
https://doi.org/10.14743/apem2017.4.261 Original scientific paper 

An integrated generalized discriminant analysis method and 
chemical reaction support vector machine model 
(GDA-CRSVM) for bearing fault diagnosis 
Nguyen, V.H.a,b,c,*, Cheng, J.S.a,b, Thai, V.T.a,b,c

aState Key Laboratory of Advanced Design and Manufacturing for Vehicle Body, Hunan University, Changsha, China 
bCollege of Mechanical and Vehicle Engineering, Hunan University, Changsha, China 
cMechanical Engineering Department, Hanoi University of Industry, Hanoi, Vietnam 

A B S T R A C T A R T I C L E   I N F O 
An expert technique in bearing fault diagnosis is proposed for the identifica-
tion of actual status. A new diagnosis method based on a two-stage hybrid 
modality in integrating generalized discriminant analysis (GDA) with the 
chemical reaction support vector machine (CRSVM) classification model, 
named GDA-CRSVM, is proposed. The GDA reduces high-dimensional data to a 
more compact data, which serves an optimized CRSVM classification model 
with input data, in which a support vector machine (SVM) classifier model 
with the best parameters are selected by the meta-heuristic chemical reaction 
optimization algorithm (CRO) to build an optimized CRSVM classification 
model. The implementation of the new proposed method is based on a multi-
aspect feature (MAF) set that presents most of the actual aspects of the com-
plex vibration signal. The MAF set is collected from the statistical features in 
time-domain, frequency-domain, and time-frequency domain features are 
extracted by local characteristic-scale decomposition (LCD). Experiments 
have been conducted on two bearing vibration datasets by the expert tech-
nique in the bearing fault diagnosis. Results shown that the effectiveness of 
GDA-CRSVM in terms of classification accuracy and execution time. 
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P O V Z E T E K    P O D A T K I   O   Č L A N K U

V	prispevku	je	predlagana	ekspertna	tehnika	za	diagnostiko	napak	ležajev	in
ugotavljanje	 njihovega	 dejanskega	 stanja. Predlagana	 diagnostična	 metoda
GDA‐CRSVM	temelji	na	dvostopenjski	hibridni	modalnosti	in	integrira	splošno
diskriminantno	analizo	(GDA)	ter	klasifikacijski	model,	temelječ	na	optimiza‐
cijski	 metodi	 kemijske	 reakcije	 (CRSVM).	 GDA	 zmanjša	 podatke	 velikih	
dimenzij	 na	 bolj	 kompaktne	 podatke,	 ki	 služijo	 optimiziranemu	 klasifikacij‐
skemu	modelu	CRSVM	kot	vhod.	Najboljši	parametri	za	izgradnjo	optimizira‐
nega	CRSVM	klasifikacijskega	modela	so	izbrani	s	pomočjo	modela	klasifikaci‐
je	podpornih	vektorjev	(SVM)	ter	metahevrističnega	optimizacijskega	modela,
temelječega	na	optimizacijskem	algoritmu	kemijske	reakcije	(CRO).	Prikazana	
uporaba	 predlagane	metode	 temelji	 na	 večaspektni	 funkciji	 (MAF),	 ki	 pred‐
stavlja	 večino	 dejanskih	 vidikov	 kompleksnega	 vibracijskega	 signala.	 Nabor
MAF	 je	 zbran	 iz	 statističnih	 lastnosti	 v	 časovnem,	 frekvenčnem	 in	 časovno‐
frekvenčnem	 področju	 z	 izločitvijo	 lastnosti	 z	 lokalno	 značilno‐dimenzijsko	
dekompozicijo	 (LCD).	 Preizkusi	 so	 bili	 izvedeni	 na	 dveh	 podatkovnih	 nizih	
vibracij	z	ekspertno	tehniko	za	diagnostiko	napak. Rezultati	so	pokazali	učin‐
kovitost	metode	GDA‐CRSVM	z	vidika	natančnosti	in	časa	izvedbe.	

©	2017	PEI,	University	of	Maribor.	All	rights	reserved.
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ske	reakcije	(CRSVM);	
Večaspektni	nabor	funkcij;	
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