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Abstract. In this poster we propose a fragmented method for star classification task, which uses two different machine learning methods for predicting spectral type and luminosity class. Experiments with test data perturbed
with up to 15% noise does not show significant decline in the quality of results. Comparison of the ANN predictions and predictions by the proposed
method show significant correlation and share some outliers.
Keywords : stellar classification – machine learning – SMO – Random
Forest – Weka

1.

Introduction

In this study we present the results of a fragmented approach for star classification and
compare it with the common composite approach where an ANN is used to predict the
combined spectro-luminosity class (spectral type & luminosity class). Stellar libraries
used for evaluation are described below.
(i) The Jacoby library of Stellar spectra [2]: The Jacoby library of Stellar spectra
[2] contains digital spectra of 161 stars of spectral types O through M and luminosity classes I-V. The data were obtained with Intensified Reticon Scanner
on the 91-cm telescope at Kitt Peak National Observatory. This data set is used
for learning.
(ii) The Indo-U.S. Library of Coudé Feed Stellar Spectra [1]: The Indo-U.S. Library of Coudé Feed Stellar Spectra [1] consists of spectra for 850 stars obtained with the 0.9m Coudé Feed telescope at Kitt Peak National Observatory.
This data is used for testing the model learned over the training data
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Detailed distribution of classes in the training set and the test set is shown in
Table 1.
Table 1. Distribution of class labels in Test and Training data.

Spectral
Luminosity
Combined

Training Set 158
Unique
Distinct
16
67
0
5
111
132

Test Set 850
Unique
Distinct
8
76
0
5
73
107

2. Choice of classifiers
Choice of classification algorithms for spectral type and luminosity class classification
was influenced by the class distribution in test and training sets. We decided to use
Support Vector Machine for luminosity class prediction because of its well accepted
high performance and robustness. In particular we decided to use Sequential Minimal
Optimization algorithm for SVM, which is known to be the fastest and most efficient
implementation [4]. We decided to use Random Forest (RF) algorithm [5] to handle
spectral type classification.

Methodology: We used Weka implementation of the two algorithms [3] and since
there is inherent randomization in both algorithms, we repeated each experiment 15
times with different seed value and noted the result. All results were averaged over
15 runs. For RF we used 150 trees with 350 dimensions, and for SMO, Puk kernel
was used. Predictions were extracted from the weka output and MSE and correlation
coefficient were computed for each of the 15 runs for spectral and luminosity class
predictions.

3. Results and discussions
Luminosity class: Fig. 1 shows the comparative performance of luminosity class
predictions by ANN and SMO. The x-axis shows the deviation of the predictions from
the catalog class and the y-axis shows the frequency. Thus 0 on x- axis shows the
correct prediction made by the two methods. The histogram shows that the number
of predictions made correctly by SMO is significantly higher than those of ANN.
The higher side bars indicate that the number of mistakes made by ANN is relatively
higher.

Spectral class: Fig. 2 respectively shows the scatter plots of spectral type prediction
by ANN(on right) and RF(on left) methods against the catalog type. Of the fifteen
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Figure 1. Histogram of comparative performance luminosity class predictions by ANN and
SMO.

Figure 2. a. Catalog spectral class Vs. RF predictions b. Catalog spectral class Vs. ANN
predictions.

classifiers induced, we selected the best model for making the plot in Fig.2. For
spectral type prediction, ANN shows better performance as it correlates slightly better
with the catalog classes compared to RF method. Number of correct predictions made
by the RF method is more than that of ANN method. More than 350 spectra are
predicted correctly by RF method.
We plot the predictions of ANN vs. RF in Fig.3 to analyze the correlation between
predictions by ANN and RF. Since the RF experiment was repeated 15 times, we
identified the best performing model and plotted its predictions against those of ANN.
The scatter plot shows that there is a strong correlation between the predictions by
ANN with that of RF.

Tolerance to noise: Since noise is always present there in astronomy data, we evaluated the method for noisy data. We prepared five versions of the test data by introducing 5%, 10%, 15%, 20% and 25% noise. Each attribute of each spectra in test set
was perturbed. For each version 15 sets of predictions were obtained for both spectral type and luminosity class. Five point summary for MSE was computed for each
version and the box-plots are shown in Fig. 4, for spectral on left and luminosity on
right. It can be seen that upto 10% noise, the performance does not degrade much.
The degradation is steep at 25% noise for MSE.
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Figure 3. Scatter plot spectral class predictions by ANN vs. RF.

Figure 4. a. Box plot of σ for spectral class and luminosity class predictions by RF for 15
executions.

Outliers: From Fig.2 it can be observed that there are three outliers that are common
in both methods. We investigated these outliers by examining their respective catalog
classes and spectra and describe in the findings below:

(i) Star HD179588 has been classified in IUS as spectral type 290 (B9.0). It is predicted as spectral type 540 (G4.0) and 560 (G6.0) by ANN and RF respectively.
(ii) Star HD30614 has been classified in INDO-US as spectral type 195 (O9.5).
It is predicted as spectral type 300 (A0.0) and 290 (B2.9) by ANN and RF
respectively.
(iii) Stars HD154660, HD162570 & BD + 45 − 1668 have catalog spectral type 390
(A9.0). Interestingly this spectral type does not exist in Jacoby library. RF fails
to predict the spectral type and shows it as an outlier. But ANN predicted this
to be spectral type 200 (B0.0).
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4. Conclusion
In this paper we proposed a fragmented approach for stellar spectral classification
problem, by using Random Forest method for spectral type prediction and SMO
method for luminosity class prediction. Experiments done on test data with artificially
induced noise demonstrate tolerance up to 15% noise level. Comparative analysis of
earler ANN predictions and RF predictions leads to some mis-classifications in IndoUS stellar library.
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