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Multi-objective Support Vector Machine and Its Application in Small Sample Fault Diagnosis

JIANG Xun-Lin
(Army Infantry College of PLA, Nanchang 330103, China)
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Abstract: Support vector machines have a simple theory and strong practicability, which are thus ‘widely used in fault

diagnosis. In the process of analyzing the influence of support vector machine parameters on classification results, it is
found that inappropriate parameter selection often leads to poor classification results. The adverse effects of artificial
selection can be avoided by using a heuristic optimization method. I—fo,wever, taking the equivalent interval distance as the
optimization goal is prone to result in “over learning”. Taking the equivalent interval distance, the number of support
vectors and the misclassification rate.as optimization objectives at the same time, this study proposes a multi-objective
support vector machine method based'on particle swarm optimization. The strategies of timed restart and dynamic
learning factor are used to impréve the global optimization ability of the algorithm. In this way, the overall structural risk
can be reduced. The prbposed method is applied to the fault diagnosis of a complex diesel engine with strong correlation
and coupling of multiple faults. The experimental results show that this method can effectively diagnose the fault of
abnormal noise from diesel engines in the case of small samples and incomplete or uncertain symptoms, and the
comprehensive optimal solution obtained by screening is more in line with people’s expectations.

Key words: multi-objective optimization; support vector machine (SVM); parameter optimization; small sample classification;

fault diagnosis
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1 Initialize x;, v; of the population

2 calculate the objective value #; =( oy, fnsys err); OF €ach particle x;
3 fori=1to Ndo

4 for j=1 to N, do

5 if x; >x; @ then remove x; @ from the non-dominated population
6 if x; @P) >, then break

7 if x; is not dominated then add to the non-dominated population

8  while iteration<max_iter do

9 if the goals reached then break

10 for i=1 to N do

11 get gbest from the non-dominated population

12 get pbest; from the non-dominated historical personal best

13 viEw vt gy (pbest; — x))+ cory(gbest—x;)

14 fix v; if v; is out of range

15 x=x+v;

16 stay at border and reverse the velocity:if is x; out of range

17 calculate ¢ of each particle x; g "

18 for i=1 to N do s !

19 for j=1 t0 Nppeg 0f x; do

20 if x; >pbest; then remove pbest; from non-dominated historical
pbest

21 if pbest; >x; then break

22 if pbest; is not dominated then add to the non-dominated

historical pbest
23 update the non-dominated historical pbest to keep it in a

certain size

24 for i=1 to N do

25 for j=1 to N, do

26 if x; >x; ) then remove x; @ from the non-dominated
population

27 if x; ) >x, then break
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28 if x; is not dominated then add to the non-dominated population
29 update the non-dominated population to keep it in a certain size
30  output the non-dominated population and their objective values
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