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Abstract — This paper considers modern rolling bearing fault classification methods in the field of vibration diagnosis. The
concept of adoptive algorithms is introduced. Literature survey allows highlighting and selecting the most effective algorithms for
further research application.

Industrial equipment includes many moving parts and elements. Some of them, such as rolling bearings are
heavy loaded, highly worn and often fail. During the work moving parts of the equipment produce vibration noise. The
noise of healthy and fault equipment differ, so it can be used for fault diagnosis. Vibration diagnosis allows estimating
the health of equipment using vibration noise of working process. Health estimation, in its turn, allows timely equipment
maintenance and replacement. The most common research field and application of vibration diagnosis is rolling
bearing fault diagnosis because of widespread, importance and short lifespan of bearings in industry.

Vibration diagnosis process includes five sequential phases: theoretical model development, empirical data
obtaining, diagnostic feature extraction, fault state classification, fault progress prediction and decisions. The first
phase implies kinematic models development and mathematic estimation of possible rotating machinery faults and its
features. The second phase consists of raw data obtaining, accumulating and preprocessing using suitable sensors
like accelerometers and computers. The third phase means raw data conversion to most important information about
system state. The fourth phase is to make a decision on the actual system state by a machine. The fifth phase is the
most pragmatic and the least explored, it serves to estimate equipment lifespan and plan maintenance and replacement.

Since vibration diagnosis work with noise, regular and individual features of any fault, it has to be adaptive.
Monitored signals and processes nature, numerous combinations of defects with different levels and their continuous
degradation requires to use methods with high adaptability to input data variations. Such methods are united in the
concept of adaptive algorithms. Adaptive algorithm means the ability of hardware or software to adapt to uncertain
input data and circumstances of work.

In modern vibration analysis adaptation to input data is mainly provided by the methods of classification of the
fourth diagnosis phase. The best fault classification performance is provided by different machine learning techniques
namely artificial neural networks, multi-layer perceptrons, support vector machines and others. Machine learning is the
field of information technologies, including methods of information processing in which adaptation to further work is
based on training (learning) process of classifier. Training process can be held in different ways for example by
collecting training data corresponding to all various cases and further tuning of neural network reaction to each case.

The most common and effective classification technique is multilayer perceptron neural networks with back
propagation training algorithm [1 - 5], which allows achieving 90% — 100% classification accuracy. Another technique is
support vector machines [6] which have the same effectiveness but less common. Moreover, interesting opportunities
are provided by fuzzy neural network [3, 7], sequential [7] and combined [1, 8] systems. It is worth noting that the best
results are achieved not only by machine learning based classification techniques but with elaborated feature
extraction methods. However, they are generally not adaptive, except some new developing methods as empirical
mode decomposition and adaptive wavelet transform.

In conclusion, vibration analysis widely uses adaptive algorithms such as machine learning methods in fault
classification problems. Practical advancement may be achieved by the combination of these methods. Moreover, it is
a trend to the development of adaptive feature extraction methods with good effectiveness. Finally, such an important
problem as automatic equipment lifetime prediction is not explored enough and still waits for its researchers.
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