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Identification of Shocklets using Convolutional Neural Networks (CNNSs)
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Large amplitude magnetohydrodynamic (MHD) waves are ubiquitous in space, in particular, in the solar wind and regions
near collisionless shocks. One type of those large amplitude waves is the so-called shocklet, found in the foreshock regio
of collisionless shocks. They are steepened low-frequency MHD waves with high-frequency precursor waves attached at th
steepened front and are believed to be the product of nonlinear evolution of finite amplitude MHD waves. Statistical analysis of
shockets demands a large amount of magnetic field data and the identification of shocklets within the data. This is an enormous
time-consuming effort as long as we rely on the conventional method of identifying the shocklets by visual inspection of time
series. In this study, therefore, we will develop a model to detect shocklets using the neural network (hereafter, NN).

The NNs are mathematical models of information processing that simulate the cerebral nerve system, which is the core o
information processing systems. Among various types of the NNs, we make use of the convolutional neural networks (CNNSs)
known to be suited for processing data that has a known grid-like topology. Examples for the CNNs applications include time-
series data, which can be thought of as a 1-D grid taking samples at regular time intervals, and image data, which can be thoug
of as a 2-D grid of pixels. CNNs have been tremendously successful in practical applications (Goodfellow et al 2016). They
are widely used in the field of image recognition. CNN was trained to identify low-frequency plasma waves that occur in the
upstream region of Saturn using images constructed from the Cassini magnetometer time series data with an accuracy of 94
plus or minus 2% (Ruhunusiri. 2018).

In this research, shocklets and turbulence time series obtained by the Magnetospheric Multiscale (MMS) are converted int
images and given as an input to the CNN. Here, for identification, background turbulence other than shocklets, magnetomets
noise, and satellite vibration is defined as turbulence. The three components of the magnetic field data are converted into imay
data. The implementation of the CNN for wave identification consists of three steps: training, verification, and testing. Training
and verification are used to select the most accurate CNNs architecture. Tests are used to assess whether CNNs have been ab
identify shocklets from all waveforms. These CNNs enable shocklets and turbulence to be recognized by extracting shocklet an
turbulence features and validating the classified ones. In the poster, we will show that CNNs can be successfully used to identif
the shocklets from multi-point observation satellite data.
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