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State Prediction Method Research in NC Machine Tool Based on Multidimensional Time Series
LI Hai, WANG Wei*, HUANG Pu, DU Li, ZHANG Xinyu
(School of Mechatronics Eng.,Univ. of Electronic Sci. and Techno. of China, Chengdu 611731,China)
Abstract: With the structural complexity of machine tool and the diversity and time-sequence characteristic of state data,in order to solve the
problem that the future state of machine tool is difficult to accurately predict,a novel state prediction method based on multidimensional time
series was proposed.Firstly,the ole for process control (OPC) technology was used to collect data of machine tool,and the Min-max normalization
and autoregressive moving average model were adopted to data preprocessing.The state and evaluation models of multidimensional time series
were established.Meanwhile,the feature vector and trend distance were also used to represent state model,and then the state match of multidimen-
sional time series was completed by difference degree analysis.Secondly,through constructing the time sliding window technique,the historical
state sets of machine tool were obtained by the length of time window length and sliding.On this basis,multiple matching technique based on win-
dow sliding was developed,and then the 8-coupling similarity metrics was also used to find a set of historical states that were the most similar to
the current state matrix.According to the similarity threshold,the optimal sliding time and prediction time were obtained.Further,the density-based
spatial clustering algorithm was adopted to perform state series analysis,and the optimal historical sate matrix which can represent the current state
of machine tool was obtained,and then the next state was regarded as prediction state.Finally,the state prediction experiments were carried out for
four parameters of machine tool spindle.The optimal prediction time and sliding unit were 24 s and 2 s respectively,and then the state-sequence

matching was completed by using state-sequence clustering analysis.The prediction results showed that the maximum error,mean error,mean
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square error and relative error of the matrix and vector state prediction approach based on multidimensional time series were lower than those of

traditional AR prediction model,which also verified the effectiveness and accuracy of state prediction method.

Key words: machine tools;multidimensional time series;multiple matching;state prediction
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Fig.1 Multi-dimensional time series schematic
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Fig.8 Multiple matching result
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Fig.9 Comparison of prediction results for three methods
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