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Abstract

This report presents a model for parameters monitoring, and detecting anomalies
In multivariate time series data. Then discovering the temporal cause-effect
relationship among data, to help determine the causes of defects dynamically, which
Is a major goal of many researchers recently. In this research, we managed to monitor
the flight parameters of a light aircraft using different training models: NARXNET,
VARM, and LSTM Deep Neural Network which showed the best results. In addition
to that we were able to build a causality network by applying “Least Absolute
Shrinkage and Selection Operator” methodology.

First the longitudinal motion of a light aircraft model was identified with both
short and long Periods. Then the parameters to be adopted in the research were
selected. In order to improve the performance, we separated the short period from the
long period parameters, thus eliminating the excess volume resulting from the up-
sampling rate consolidation, 10 times less in Long Period. Two deep learning
networks were then trained, each by one type of the separated parameters, that is to
detect the predicted output anomalies. Prediction errors shown a within exceed 3%
relatively, for a period of 3 seconds of the parameter’s values, which is an appropriate
period for warning the pilot in order for him to take a suitable action to avoid
malfunctions. The training process was done in parallel to reduce training time.

As for the causal inference over time between the parameters, we used the LASSO
methodology on the network’s output weights finding the smallest number of
parameters that have effect on the output parameters, producing as a result a set of
connection through which we were able build a causal directed graph, in order to
study the behavior of Parameters in the normal state of the system and other cases of
various malfunctions.

The model was tested on three data sets, the first is a set generated from a Simulink
MATLAB Longitudinal Motion model for a Light Aircraft, the second is a data set
generated from the X-Plane flight simulator, and the third is the popular free synthetic
MKAD that consists of a collection of noisy step and pulse signals.

Keywords: Big data, Deep Neural Network, Causality, Inferring Network,
Directed Graph.
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Model | Delay
| 1 2 3 4 5 \ 10

VAR | 0.752%(0.103) 1.093%(0.130) 1.439%(0.173) 1.767%(0.220) 2.073%(0.263) | 3.138%(0.402)
LSTM-STD | 0.867 (0.120)  1.304 (0.137)  1.769 (0.169)  2.236 (0.205)  2.604 (0.246) | 4.663 (0.501)
LSTM-SED | 1.105 (0.160)  1.319 (0.163)  1.607 (0.185)  1.914 (0.209)  2.209 (0.231) | 3.329 (0.375)
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Recent Advances in Anomaly Detection Methods Applied to Aviation [28]
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Abnormal approaches with MKAD: [104] (2011)
GA approach and landing anomalies with OC-SVM: [105] (2017)

Anomalous pilot switching with SequenceMiner: [18] (2008)

Anomalous take-off and approach operations: [19] (2011), [20] (2015)
Section 4.1.2 Distance-based Anomalous safety events with LoOP: [16] (2019)

Anomalous taxi paths with hierarchical clustering: [22] (2019)

Anomalous radiotelephony readbacks with kNN: [106] (2018)

Atypical aviation safety data with KPCA: [107] (2017)
Atypical approaches and landings with FPCA: [52] (2018)

Section 4.1.3 Reconstruction-based  Anomalous trajectories in TMA and en-route: [108] (2018), [109] (2019)
Anomalous transitions between sector configurations: [110] (2018)
Anomalous ADS-B messages with ConvLSTM-AE: [86] (2019)

Anomalous flights with VARX: [38] (2016),
Anomalous flight switches with VAR: [39] (2016)
Abnormal flight data with GMM.: [21] (2016)
Anomalous air traffic congestion with ICA: [37] (2019)

Section 4.1.1 Domain-based

Section 4.1.4 Statistical-based

Section 4.1.5 Temporal-logic based  Anomalous trajectories in terminal airspace with TempAD: [103], [111] (2019)
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Civil Aircraft Big Data Platform [29]
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$ Train networks in parallel workers
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Low:High;
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,layersShort,options) ;

net;,

\\fnd

/

Starting parallel pool (parpool) using the 'local' profile ...

connected to 6 workers.

Training on single GPU.

Training on single GPU.

| |
| Epoch | Iteration | Time Elapsed | Mini-batch | Mini-batch | Base Learning |
| | | (hh:mm:s5) | RMSE | Loss | Rate |
| |
| 11 11 0o:00:08 | 1.086 | 0.6 | 0.0100 |
| |
| Epoch | Iteration | Time Elapsed | Mini-batch | Mini-batch | Base Learning |
| | | (hh:mm:ss) | EMSE | Loss | Rate |
| |
| 11 11 00:00:08 | 0.80 | 0.4 | 0.0100 |
| 50 | 50 | 00:00:34 | 0.15 | 1.1e-02 | 0.0100 |
| 50 | 50 | 00:00:34 | 0.09 | 4.0e-03 | 0.0100 |
| 100 | 100 | 00:00:58 | 0.07 | 2.1e-03 | 0.0100 |
| 100 | 100 | 00:00:57 | 0.06e | 1.7e-03 | 0.0100 |
| 150 | 150 | 00:01:21 | 0.05 | 1.3e-03 | 0.0100 |
| 150 | 150 | 00:01:21 | 0.04 | B.4e-04 | 0.0100 |
| |
| |
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