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1 Introduction

This document will discuss the hardware, software requirement and system configuration
needed for to carry out this research project. Below are the steps that need to be followed
to create the deep learning model developed in this research project.

2 System Configuration

2.1 Hardware

Processor: Intel(R) Core(TM) i5-8300H CPU @ 2.30GHz
GPU: NVIDIA GeForce GTX 1050Ti (4GB)
RAM: 8GB
Storage: 1TB HDD
Operating system: Windows 10, 64-bit.

2.2 Software

Python using Spyder IDE: Data cleaning, data pre-processing, analysis and visualization.
Microsoft Excel: Used for saving of data.

Figure 1: System configuration

3 Implementation

This research project is implemented using the below steps as mentioned in the flow
chart. The whole research can be divided into two main parts.

• Data pre-processing.

• Classification task.
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Figure 2: Implementation workflow

4 Data Pre-processing

4.1 Mikulski Archive for Space Telescope (MAST) Portal

Figure 3: Mast portal

Using the MAST portal, the data is chosen using different search parameters provided
by the portal. The links to the light curves are downloaded as a text file to the local
machine.

4.2 FITS link file

The link file downloaded from the MAST portal has all the URLs to download the light
curves. These links will be accessed using astropy.io package in python to extract the
time series data.
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Figure 4: FITS link file

4.3 Accessing FITS data

Figure 5: Code for accessing time series data

The FITS link file is loaded into the Python IDE using pandas package. Then as-
tropy.io package is used to access each and every link as in research work [1]. Only ’TIME’,
’SAP FLUX’ and ’PDCSAP FLUX’ data is extracted from the FITS data. Then they
are stored in a dataframe for plotting the time series.

4.4 Plotting time series for experiment 1

(a) Positive case (b) Negative case

Figure 6: Light curves

Using the ’TIME’ and ’PDCSAP FLUX’ data of each and every light curve, the time
series graph are plotted and saved into the local machine. For experiment 1, these time
series images are given as input to the VGG16 convolutional network.

4.5 Recurrence plot for experiment 2 and 3

The time series data which was stored dataframe is converted to recurrence plot data
using the below algorithm in figure 7. For creating a recurrence plot, sklearn and numpy
package from python are needed. Recurrence plots are created from the time series
data extracted from the FITS file. It is used in this research work as it provides better
pattern recognition for the convolutional neural network [1]. A custom function is made
for creating the recurrence plot using the time series data. The recurrence plot custom
function is added in the code artifact.
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Figure 7: Code for recurrence plot

The recurrence plot is then used as a input for VGG16 convolutional architecture in
experiment 2. VGG16 architecture recognises the pattern better than feeding the time
series plot as a input.

(a) Recurrence plot (b) Recurrence plot data

Figure 8: Recurrence plot

Then recurrence plot is plotted and stored to our local machine using the below code.

Figure 9: Saving to local machine

5 Classification model for all experiments

5.1 Packages required

Figure 10: Packages required

Figure 10 shows the packages used to implement the VGG16 architecture for image
classification.
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5.2 Image Augmentation

The main motive of using image augmentation is to modify the original image by res-
izing, rotating images, zooming etc to design more new images. With this concept, the
classification model will have more images or features to capture than before which will
increase the exposure to unseen data.

Figure 11: Image Augmentation

Addition of image augmentation is done with TensorFlow image data generator. When
different type of augmentation are done, the original image data will be unaffected by
this functionality.

5.3 Resizing the input size

Figure 12: Resizing and assigning classes

Using this code snippet, the test and train data are separated. While assigning the
data, the input images can be resized as well. In our methodology, the images are resized
to 512 x 512 size.

5.4 VGG16 architeture

The VGG16 architecture is a in built convolutional neural network of keras package. We
are taking the input layer as (512,512,3) as we resized the images to 512 x 512. For the
weights parameter, ’imagnet’ is chosen as it performs well with image data.
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Figure 13: VGG16 architeture

Then for the neural network, a sequential model is created from keras using three
hidden layers with 256, 128 and 64 nodes, a dropout layer and an output layer with
sigmoid activation function.

Figure 14: Weights for CNN nodes

The code snippet in figure 14 is used to freeze the VGG16 model from changing any
weights. It is used with default weights.

Figure 15: Model complier and calculating total count and class weights

Model is complied using RMSprop and ’binary crossentrophy’. Using OS package, the
image in each classes are counted which is used to calculate total count and class weights.
These parameters will be used while training the module.

Figure 16: Training the model

The steps per epoch and validation steps are dynamic depending upon the count of
training data used. Number of epoch is 20 where if there is no improvement for three
continuous epochs then the model stops training using callbacks functionality.

5.5 Evaluation

The model trained is evaluated using the following snippet for all three different experi-
ments.
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(a) Model accuracy code (b) Model accuracy plot

Figure 17: Model loss evaluation

(a) Model loss code (b) Model loss plot

Figure 18: Model loss evaluation

Using the above code from figure 17, the train and test accuracy for all the epochs
are plotted for comparison between experiments.

Using the above code snippet from figure 18, the model loss plot is plotted for every
epoch. Both train and test loss is plotted.
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