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Data Type & Collection 

 Optical galaxy images belong to the Tonantzintla Digital Sky Survey, 

which is a catalog of images taken by the Camera Schmidt, Figure 

1., starting its operation in 1942.  

 The spherical mirror of the Camera Schmidt is 762 mm in diameter 

and coupled to a 660.4 mm correcting plate. The 8x8 inch2 

photographic plates cover a 5ºx5º field with a plate-scale of 95 

arcsec/mm. 

 The plates are first digitized at the maximum optical resolution of the 

scanner, 4800 dots per inch (dpi), and then rebinned by a factor 3 

for a final pixel size of ~ 15 μm (1.51 arcsec/pixel) and transformed to 

the transparency (positive) mode.  Each image has 12470 x 12470 

pixels (about 350 Mb in 16-bit mode) and is stored in FITS format. 
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Figure 1.  Camera Schmidt 



Data Type & Collection 

AC 8409 Marked 
Digitized plan scans were 

provided by the Institute of 

Astrophysics, Optics, and 

Electronics, in Tonantzintla, 

Puebla, Mexico, with all 

galaxies in the image 

marked and labeled. 

NGC 4559 Extracted 
Processing entire plate 

scans by algorithms such as 

the Watershed for 

segmentation resulted in 

memory exhaustion.  

Therefore, each galaxy was 

extracted individually for 

further processing. 

NGC 4274 Extracted 
NGC 4559 and NGC 4274 

are examples of galaxies 

that have been 

extracted from the digital 

plate scan AC 8409. 
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Problem Statement & Motivation 

 Many galaxies contain faint features, such as the 

spiral arms of NGC 4258 in Figure 2.  These faint 

features are destroyed during segmentation, 

thereby increasing classification error. 

 Faint features are either closely resembling 

background intensities or are sparse in density. 

 Enhancement poses a solution for emphasizing the 

faint features by differentiating them from 

background intensities, thereby preserving a more 

accurate representation of the galaxy post 

segmentation and decreasing classification error. 
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Figure 2. NGC 4258 appears to have faint spiral arms. 



Heap Transform Enhancement 
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Heap Transform Enhancement 

 The process of generating rotation 
transforms from the signal generator is 
repeated until all of the points of the 
input signal have been processed.  
This stage-wise transform is illustrated in 
Figure 3. 

 For galaxy image enhancement, the 
median of each row in the image was 
selected to be the signal generator for 
that row of the image.  Each row of 
the image was then processed as a 1-
Dimensional signal. 
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Figure 3. Signal-flow graph of determination of the five-point  
transform by a vector x=(x0,x1,x2,x3,x4)’. 



Image Preprocessing 
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Image Preprocessing 

 All images were resized to a uniform 

128x128 pixels. 

 Canny edge detection was used to 

detect galaxy edges. 

 Bounding Box and Best Fit Ellipse were 

calculated for each galaxy. 

 Figure 4. shows the original image and 

all processing steps. 
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Figure 4. Original image, thresholding, opening, rotation, centering,  

resizing, edge detection, bounding box and best fit ellipse. 



Hubble Classification Scheme 

Electrical Engineering, University of Texas at San Antonio 

10 

Figure 5. Hubble Classification Scheme 

 Galaxy images were classified into the 

classes Elliptical (E), Lenticular (S0), 

Spiral (S), Barred Spiral (SB), and 

Irregular (Irr). 

 Classification was performed class-pair 

wise so that first galaxies were 

classified as Irregular or Regular, then 

Irregular galaxies were removed from 

the training and test set.  Next, 

galaxies were classified as Elliptical or 

not Elliptical, and so on. 



Feature Extraction 
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Elongation | Form Factor | Convexity | Bounding Box to Fill Factor | Bounding Box to Perimeter | Asymmetry Index 



Support Vector Machines 
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Figure 6. Linearly separable data with decision boundary and maximum margin. 



Principal Component Analysis 
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Principal Component Analysis 
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Figure 7. Irr/Reg classification in PCA feature space using left: linear kernel and right: quadratic kernel. 



Results 
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Conclusion 

 Enhancement of galaxy images improved the overall performance of 

classification.   

 Locally, enhancement can degrade performance of classification.  This is 

likely due to intensity variations between original and enhanced images 

causing segmentation error at the thresholding stage of preprocessing, 

since the same threshold values were used for both data sets. 

 The quadratic kernel in SVM and PCA both improve classification of 

galaxies for some pairs.   

 Further investigation is needed to determine best threshold selection for 

data after enhancement, and for which pair-wise classifications 

performance is highest for linear/quadratic kernel and PCA or original 

feature space. 

Electrical Engineering, University of Texas at San Antonio 

16 



References 

 Hubble, E. P., “Extragalactic nebulae.,” Astrophysical Journal 64, 321–369 (Dec. 1926). 

 Storrie-Lombardi, M. C., Lahav, O., Sodre, Jr., L., and Storrie-Lombardi, L. J., “Morphological Classification of 

Galaxies by Artificial Neural Networks,” Monthly Notices of the Royal Astronomical Society 259, 8P (Nov. 1992). 

 Raquel Díaz-Hernández; J. Jesús González; Rafael Costero; José Guichard, “Retrieval of spectroscopic 

information from the Tonantzintla Schmidt camera archival plates,” Proc. SPIE 8011, 22nd Congress of the 

International Commission for Optics: Light for the Development of the World, 80117Z (3 November 2011); 

doi: 10.1117/12.903386. 

 Grigoryan, A.M. (2014) New Method of Givens Rotations for Triangularization of Square Matrices. Advances in 

Linear Algebra & Matrix Theory, 4, 65-78. http://dx.doi.org/10.4236/alamt.2014.42004. 

 Grigoryan, A. M. and Hajinoroozi, M., “A novel method of filtration by the discrete heap transforms,” (2014). 

 Edward R. Dougherty and Jaakko T.Astola. An Introduction to Nonlinear Image Processing. TT16 SPIE Press 

(1994). 

 Zeljko Ivezic, Andrew J. Connolly, Jacob T. VanderPlas, and Alexander Gray. Statistics, Data Mining, and 

Machine Learning in Astronomy. Princeton University Press (2014). 

 

 Electrical Engineering, University of Texas at San Antonio 

17 

http://spie.org/profile/J.-Jesus.Gonzalez-Hernandez-7323
http://spie.org/profile/J.-Jesus.Gonzalez-Hernandez-7323
http://spie.org/profile/J.-Jesus.Gonzalez-Hernandez-7323
http://spie.org/profile/J.-Jesus.Gonzalez-Hernandez-7323
http://dx.doi.org/10.1117/12.903386
http://dx.doi.org/10.4236/alamt.2014.42004
http://dx.doi.org/10.4236/alamt.2014.42004

