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ABSTRACT—This paper proposes a multi-level optimization strategy for the Negative 
Selection Algorithm (NSA) detectors, based on both the Genetic Algorithms (GA) and 
clonal selection principle. The NSA is a natural immune response-inspired pattern 
discrimination method. In our hierarchical optimization scheme, the NSA detectors are 
first optimized by the GA to occupy the maximal coverage of the nonself space. Next, 
these detectors are further fine-tuned and optimized using the Clonal Selection Algorithm 
(CSA) so as to achieve the best fault detection performance. This novel NSA detectors 
optimization approach is also examined with artificial data and a practical motor fault 
detection example. 
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1.  INTRODUCTION 
Artificial Immune Systems (AIS), inspired by the natural immune systems, are an emerging 

kind of soft computing methods [1]. With the distinguished features of pattern recognition, 
anomaly detection, data analysis, and machine learning, the AIS have recently gained 
considerable research interest from numerous communities [2]. As an important constituent of the 
AIS, Negative Selection Algorithm (NSA) is based on the underlying principles of the maturation 
of the T cells and self/nonself discrimination in the biological immune systems. It was firstly 
developed by Forrest et al. in 1994 for the real-time detection of computer viruses [3]. During the 
past decade, the NSA has been widely applied in such engineering areas as communication 
network security [4], milling tool breakage monitoring [5], and motor fault diagnosis [6]. As we 
know, detectors of the original NSA are first generated in a random manner, and undergo the so-
called ‘negative censoring’ process thereafter. Only the qualified detectors that do not match the 
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