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Tool Wear Condition Monitoring Based on Manifold Learning
and Hidden Markov Model

Zhang Dongliang, Mo Rong, Sun Huibin, Li Chunlei

Key Laboratory of Contemporary Design and Integrated Manufacturing Technology,
Northwestern Polytechnic University, Xi’an 710072, China

Abstract; In order to improve the automation and the precision of tool wear condition recognition in the process of

metal milling, we proposed the method based on the manifold learning the local tangent space alignment ( LT-

SA) method and the hidden Markov model (HMM) to identify tool wear conditions. First, this method used the

time domain and the wavelet analysis technique for signal processing of the milling cutting axial force to construct

the high dimensional feature space. Then, the local tangent space alignment (LTSA) method was used to achieve
the dimensionality reduction. At last, the low dimensional feature vector was used to train the HMM in order to rec-
ognize tool wear conditions. Additional tests were conducted to check the feasibility of the method. Comparison of
the performance of the proposed method with that of the method of identification without the feature dimension re-
duction shows that the proposed method can improve the efficiency and the accuracy of tool wear condition recogni-

tion.

Key words: condition monitoring, conformal mapping, design of experiments, efficiency, eigenvalues and eigen-
functions, errors, experiments, feature extraction, flowcharting, hidden Markov models, matrix alge-
bra, milling ( machining) , monitoring, probability, signal processing, time domain analysis, wavelet
analysis, wear of materials; dimension reduction, local tangent space alignment ( LTSA), the mani-

fold learning, tool wear conditions recognition





