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Abstract: In this work, we develop a novel mathematical framework for analyzing uterine contractions during pregnancy using biomagnetic measurements. We propose an automatic robust single-channel two-stage statistical detector of uterine magnetomyogram (MMG) contractions. Unlike in previous approaches, the proposed algorithm does not require the use of a sliding window of analysis and the detection threshold is determined analytically. Our algorithm is based on the assumption that the preprocessed measurements are piecewise stationary having distribution in a common family with a fixed number of parameters.  In the first stage, we propose a model-based segmentation procedure, which detects multiple change-points in the parameters of a piecewise constant time-varying autoregressive model using a robust formulation of the Schwarz information criterion (SIC) and a binary search approach. In particular, we propose a test statistic that depends on the SIC, derive its asymptotic distribution, and obtain closed-form optimal detection thresholds in the Neyman-Pearson sense; therefore, we control the probability of false alarm and maximize the probability of change-point detection in each stage of the binary search algorithm. We compute and evaluate the relative energy variation [root mean squares (RMS)] in discriminating between time segments with and without contractions. Thus, in the second stage, we apply a nonsupervised K-means cluster algorithm to classify the detected time segments using the RMS values. 

We apply our detection algorithm to real MMG records obtained from ten patients admitted to the hospital for contractions with gestational ages between 31 and 40 weeks. We evaluate the performance of our detection algorithm in computing the detection and false alarm rate using the patients’ feedback as a reference. When evaluated with real MMG measurements, the algorithm detected the uterine activity much earlier than the patient sensed it. It also enabled visualization of the relative location of the origin of uterine contraction and quantification of the amount of energy delivered during a contraction. These results are important in obstetrics as a tool for characterizing contractions and predicting labor.
