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Methods of Stellar Classification in C++(MOSAIC) 

Conclusions 
 
The scope of the project involves the accurate and 
efficient classification of stellar objects. So far, the work 
has been limited to low temperature objects. Work will 
continue, in particular on fitting the data to a blackbody 
curve according to Planck’s law, and identifying notable 
elements within the spectrum, to determine luminosity 
classes. Fitting the data to a curve using least squares 
minimization algorithms should improve the accuracy of 
classification. As the technology for taking astronomical 
data improves, so must the technology that analyzes it.  

Instruments 
For this project, the important components were the St-i 
Spectrograph and St-i Monochrome Camera from SBIG. 
They were mounted on an 8” Maksutov Cassegrain 
telescope with an auto-guiding mount. The 
spectrograph’s range covers from 4300 to 10000 
Angstroms. This is not inclusive of the entire visible 
spectrum. The camera has an array of 648 x 486 pixels. 
The quantum efficiency of the camera varies across the 
visible light spectrum, most notably between 240 and 
1000nm. Both effects are shown graphically below. 
  
 

Abstract 
 Stellar spectroscopic classification is most often still done 
by hand. MOSAIC is a project focused on the collection 
and classification of astronomical spectra using a 
computerized algorithm. The code itself attempts to 
accurately classify stellar spectra according to the broad 
spectral classes within the Morgan-Keenan system of 
spectral classification, based on estimated temperature 
and the relative abundances of certain notable elements 
(Hydrogen, Helium, etc.) in the stellar atmosphere. The 
methodology includes calibrating the wavelength for 
pixels across the image by using the wavelength 
dispersion of the ST-i Spectrograph. It then corrects for 
the quantum efficiency of the KAI-0340 CCD chip in our 
St-i Camera. Finally it calculates the location of the peak 
in the star's Planck spectrum in order to roughly classify 
the star. The limitations of this equipment only allows for 
classification of stars in the G-M range. Future work will 
involve fitting the graph to a blackbody curve for a more 
correct classification, and taking a closer look at emission 
lines and luminosity classes. 
 

Method 
 The first steps in the process involve loading the raw 
images into an image stacking and plotting software 
such as ImageJ. We export the data into a .txt file that 
can be read by our program. The data from that file is 
loaded into an array called buffer[ ] by the 
loadSpectra() function which takes the file path as 
input. The core initial functions are: 

•   loadAngstromConversion() - loads a text file 
containing the wavelength-pixel dispersion of the 
spectrograph into nmBuffer[ ][ ].  

•  createNM() – iteratively creates a new array matching 
index values as pixel numbers to wavelength values in 
nm. 

•  loadQuantumEfficiency() – similarly loads the quantum 
efficiency curve into an array QE[ ][ ]. 

•  convertQE() – divides all values in buffer[ ] by a 
corresponding percentage of quantum efficiency for 
that wavelength. This is done by approximating the 
slope of the curve at that pixel, using that slope to find 
the y-intercept of the would-be point, and calculating 
the quantum efficiency. The new data points are stored 
in spectrum[ ];  

 

Results 
 
The last core function in this initial version of MOSAIC is 
peakTemperature(). The function simply finds the 
maximum value in sprectrum[ ], and stores the index of 
that point. Wien’s Law, seen below, is then applied using 
the corresponding index of nm[ ] for λ. 
 
 
 
The data for Arcturus returns a value of 183 for the index 
of the peak. This corresponds to a wavelength of 
476.15nm, giving us a surface temperature of 6081.46K 
and a spectral class of F. The actual temperature of 
Arcturus is 4290K. This is an error of 23.6% 

Arcturus post-adjustment for wavelength dispersion and quantum efficiency. 

Raw spectral data for Arcturus: a type K0 III star.   

The Morgan-Keenan System 
 
The Morgan-Keenan classification system is one of the 
foremost classification methods for stellar objects. It depends 
largely on sorting stars into one of seven temperature 
classes, seen below. There are then further sub-
classifications based on luminosity classes and elemental 
abundances.   
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