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The field of artificial intelligence has had an exponential growth in its application in recent years. In particular, Seismic Stations Radionuclide Stations
machine learning is an effective tool to solve problems that seek to find patterns of behavior from large Seismic monitoring stations measure the waves generated by seismic events. These events can be of natural The radionuclide monitoring stations measure the concentration of radioactive particles and noble gases.
databases. This boom was largely due to the new and increasingly powerful computing capabilities and a large origin, man-made or underground nuclear explosion. Different strategies have been studied to automatically Radionuclides can occur naturally or artificially (Nuclear power plants, MIPFs, etc). Four xenon isotopes (**>Xe,
amount of data available. The IMS has 306 stations installed, 6 under construction and 25 planned. This classify these events using machine learning. “PXe, FHmXe, inXe) are particularly relevant for the detection of nuclear explosions.
represents a large volume of data that is published daily. The application of machine learning can improve the NET-VISA [1] is a Bayesian seismic monitoring system, based on the use of generative probabilistic models and The main difficulty encountered in applying Machine Learning algorithms is that the dataset with which they are
allows to reduce in about 60% the number of events lost compared with the system currently implemented. counted are strongly unbalanced. That is, the background class is preponderant against the explosion class.
search of patterns in this data to optimize the processing, and the automatic response to a possible nuclear _ _ _ - _ . . .
| | o | | _ | | _ The number of seismological studies based on Artificial Neural Networks (ANN) has been increasing. The ANN Two different perspectives of the classification problem of noble gas measurements are:
explosion. Areview of the applications of machine learning techniques for improving the processing of data from are very useful in the analysis of time series as are measurements of seismographs. The implementation of Deep In [6] a classic vision for solving the problem of classification is proposed:
different types of IMS stations is presented. Neural Networks (DNN) for the analysis of seismic data present the following advantages [2]: * The data set used is composed of:
 Unlabeled data can be used to pretrain the DNN (unsupervised learning); = A background dataset (B) obteined by real measurement of the SPALAX station located in Ottawa for
! A - Learning how to solve a particular problem requires a small amount of labeled data (supervised learning); the following dates: June 1,2004 — June 30, 2005
« Higher learning speed and fewer errors during operation; = A background plus synthetic explosion data set (B+E). The synthetisized data is produced by using
« They are simple to retrain to solve other Tasks real data from measuremnts from the Nevada Test Site
Artificial Intelligence However, large volume of data is required for training.  The implemented algorithms are: Naive Bayes (NB), Multiple Layer Perceptron (MLP), Support Vector
Machine Learning A different method has been presented by [3]. This involves the use of Principal Component Analysis (PCA) and Machine (SVM), k-Nearest Neighbors (kNN), and Decision Tree (DT).
" sulj:te; ;jfh:::?eirnin Asubetof Al nine Self-Organized Maps (SOM). This method of clustering by unsupervised pattern recognition can be summarized * The accuracy reported for each classifier ranges between 83% and 98.9%
socfi)\:/nap;zsteodts;il%ccz;iltfhtrgztehr?;rpr):Ect‘rg:Sir(S’ ts;:’;i:trigilltee;:rli:it;: .'52??’%5‘%?5? in three steps: In [7] using pattern recognition of One-Class models is proposed:
S e e Jﬁﬂtiﬁ?ﬁ;iiﬁﬁ dnﬁg‘j“i’:“:j::j; ?n"gé 1. Short-time Fourier transform (STFT) is applied obtaining the sonogram that consist in the Power spectral  The dataset was synthesized using the framework presented in [8].
i il neliogesser density - The simulation of the data set includes an industrial emmiter.
2. PCA is performed on the training dataset and the sonograms of the training events are transformed in the * The atmospheric conditions such as the fluctuation of the wind speed and its direction are taken into
space of the first principal components. account to calculate the background level.
3. The SOM is trained on the PCA-reduced sonograms of the training dataset.  They have studied the performance of their models depending on the distance from the explosion to the
Mean_shiftK-Meazgs(::;;tomeratwe T The accuracy obtained with this model is greater than 80%. monitoring station.
Fuzzy C-Means @ Logistic Regression « The implemented algorithms are: The autoassociator (AA), Combined Probability and Density Estimator

Pl (PDEN), one-class Nearest Neighbour (ocNN) algorithm, scaled ocNN (socNN, a modified version of the

Apmp:.e ‘" E;’“‘ Infrasound Stations ocNN).
@ @ Ridge/Lasse Infrasonic sensors measure micropressure changes in the atmosphere which are generated by the propagation of « The mean AUC reported for each classifier ranges between 0.5 and 0.6. However, when wind patterns are
iInfrasonic waves. These very low frequency waves can also be created by atmospheric nuclear explosions. considered, the mean AUC improves.
t_git&tiﬁiﬁ{%}?ij CUASSICAL Several studies show the use of DNN in the analysis of infrasound signals. In [4] the implementation of the DNN
o LEARNING Gandomw Eofest standard model, self-normalizing neural network (SNN), fully-convolutional neural network (FCN), and a long
@ short-term memory (LSTM) network is shown. All the models used have been able to classify almost perfectly the

four classes of infrasonic events, including mountain associated waves, microbaroms, auroral infrasonic waves,
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LEARNING LEARNING and volcanic eruptions.
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Mlgorithm — R o A, Although the DNN are very effective for classifying infrasonic events these fail when the volume of data available
A3C o) CatBoost _ _ ) . ] ]
IS low. This problem can be solved using the model Shepard Interpolation Neural Networks (SINN) [5]. With this
NEURAL
NETS AND model, high levels of accuracy are achieved with little data for training.
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Ad\,er(s;::;?:,:fworks [1] Nimar S. Arora; Stuart Russell; Erik Sudderth., NET-VISA: Network Processing Vertically Integrated Seismic Analysis. Bulletin of the
STM  sru (GAN) _ _ _ _ _ _ Seismological Society of America (2013) 103 (2A): 709-729.
https://vas3k.com/blog/machine_learning/  The Machine Learning and Deep Learning use for the automatic processing of the IMS stations [2] Kislov, K.V. & Gravirov, V.V. Seism. Instr. (2018) 54: 8. https://doi.org/10.3103/50747923918010073
: IS i ful f | i : [3] Benjamin Sick, Matthias Guggenmos, Manfred Joswig, Chances and limits of single-station seismic event clustering by unsupervised
Signals 1S very usetul tor events classitication. pattern recognition, Geophysical Journal International, Volume 201, Issue 3, June, 2015, Pages 1801-1813,
_ o _ _ o _ o . : : - . : https://doi.org/10.1093/gji/ggv126
The IMS foresees a network of 321 geophysmal monltorlng stations, with the majorlty of these bemg Seismic The imbalance that exists in the trammg dataset Is a great Cha”enge to solve. [4] Mitchell L. Solomon, Kaylen J. Bryan, Kaleb E. Smith, Dean A. Clauter, Anthony O. Smith, Adrian M. Peter, "Infrasound threat
: : : ) : . ' ' L : ' classification: a statistical comparison of deep learning architectures," Proc. SPIE 10629, Chemical, Biological, Radiological, Nuclear, and
stations (170); followed by radionuclide detectors for particulates and noble gases (80); infrasound arrays It is necessary to expand access to datasets so that a larger scientific community can get involved Explosives (CBRNE) Sensing Y% 1060017 16 |\F;|ay 2018g) & &
(60); and hydroacoustic sensors (11) in these problems. [5] K. .E. Smith, P. Wlllla-ms, K. J.. Bryan, M Sglorr:on, M. Ble and.R. Hab-er, Shepard Interpolation Neural Networks w'ith K—Mea.ns: A Shallow
Learning Method for Time Series Classification," 2018 International Joint Conference on Neural Networks (IJCNN), Rio de Janeiro, 2018, pp.
It would be convenient to increase the diffusion of the vDEC for a better civil use of the data. 1-6.
In fu” Operatlon, around 15 glgabytes Of |ncom|ng data are expected dally, mostly transmltted |n real tlme _ ] . ] ] ] ] [6] Trevor J. Stocki, Guichong Li, Nathalie Japkowicz, R. Kurt Ungar, “Machine learning for radioxenon event classification for the
« A methodology for the anonymity of data should be established to facilitate the distribution of it. Comprehensive Nuclear-Test-Ban Treaty”, Journal of Environmental Radioactivity, Volume 101, Issue 1, 2010, pp. 68-74
through a global VSAT satellite network. This amount of incoming data makes reliable automatic processing . Alth h th techni f Machi 1 : d D 1 : h ¢ .. in th [7] Colin Bellinger and B. John Oommen. 2012. On the pattern recognition and classification of stochastically episodic events.
4 f f f _ _ _ _ _ _ _ oug ese techniques o achine Learning an €ep Learning snow a great precision in the In Transactions on Compuational Collective Intelligence VI, Ngoc Thanh Nguyen (Ed.). Springer-Verlag, Berlin, Heidelberg 1-35.
and is one of many factors fostering the exploration of adaptive signal processing and machine learning e : DOI=http://dx.doi.org/10.1007/978-3-642-29356-6_1
_ _ classification of events, we can not presume from the human anaIySIS of the data. [8] Colin Bellinger and B. John Oommen. 2010. On simulating episodic events against a background of noise-like non-episodic events.
solutions for IMS data processing. In Proceedings of the 2010 Summer Computer Simulation Conference (SCSC '10). Society for Computer Simulation International, San
Diego, CA, USA, 452-460
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