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Figure 7: Table of Early Classification Systems from Gray and Corbally (2009) 
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The monumental sky survey work and classification efforts performed by Pickering, 

Flemming, Maury, and Cannon propelled the Astronomy and Astrophysics communities 

forward and helped lead Hertzsprung and Russell to develop a foundational tool for 

understanding stellar evolution. 

Ejnar Hertzsprung, Henry Russell and the H-R Diagram 

 In 1905, Ejnar Hertzsprung was an amateur astronomer at the University 

Observatories in Copenhagen, Denmark. Using Antonia Maury’s detailed spectra to identify 

his target stars, those with unusually narrow lines, he used their proper motions, determined a 

relative luminosity, and compared it to the star’s spectra. He writes in his 1907 paper his 

conclusion that the stars of bright red color are rare compared to those of the normal 

population. Therefore, this bright red phase of the star's life must either be a different series 

or transitioned very quickly by those of the normal population (Hertzsprung, 1907). This 

paper shows his first iteration of the color-magnitude diagram. In 1911, Hertzsprung 

followed up this work by officially publishing color-magnitude diagrams for the Pleiades and 

Hyades star clusters; this was the first instance of the term ‘main sequence’ to describe the 

population of hot stars in those clusters (Hertzsprung, 1911). 

 Entirely independent of Hertzsprung, Henry Norris Russell also studied the 

relationship between color and luminosity. Not being an observer, but instead interested in 

data, Russell comes to the same conclusion as Hertzsprung in his work published in 1911, 

“the redder stars from type G onward, fall into two groups: one remote, of small proper 

motion and great luminosity, the other near us, of large proper motion and small luminosity,” 

essentially, the faintest of stars where only found in the later spectral types (Russell, 1911). 

He continued his work and, in 1918, published his first instance of the “Russell diagram” 
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using Harvard spectral types, explicitly using the terms “giant” and “dwarf” to describe the 

stellar series of the later spectral types (Russell, 1918). It was not until 1933 that the term 

‘Hertzsprung-Russell diagram’ was coined in a lecture and has stuck ever since (Hearnshaw, 

2014). 

 

Figure 8: H-R Diagram (Fraknoi, 2016) 

 
Figure eight shows a modern-day H-R diagram with spectral class (temperature) on the x-

axis and luminosity on the y-axis. Three groups become clear when stellar populations are 

plotted on this chart, the upper right giants, the middle main sequence stars, and the lower 
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left white dwarfs. These groupings clearly show the accuracy of the original spectral 

sequence that Pickering and his team developed in placing the classes in order of 

temperature, where O is the hottest and M is the coolest. When a star is cool red/orange in 

color and luminous, this means its surface area must be very large, thus the term ‘giants,’ and 

when a very hot (blue) star is faint in luminosity, then the surface area must be small so to 

apply the term ‘white dwarfs.’ 

The M.K System of Stellar Classification 

 The Draper Classification system built by Mr. Pickering and Mrs. Cannon, outlined in 

Figure 7, remained the classification system until 1943. Between 1939 and 1943, American 

spectroscopist  P.C Keenan collaborated with William Wilson Morgan and Edith Kellman to 

add an additional dimension of luminosity to the Draper Classification system in the form of 

roman numerals and letters (Morgan et al., 1943). In addition to the luminosity dimension, 

they added detailed classification criteria for each stellar class. Morgan revalidated the 1943 

system in 1973, then Keenan summarized it again in 1985 (Morgan & Keenan, 1973) 

(Keenan, 1985). 

 It is worth noting the terms used in this system of classification. “Class” is applied to 

the classification system itself. Classes contain criteria for which to categorize stellar spectra. 

Once a star falls within a class, and the criteria are applied and validated, it becomes a “type” 

of star, i.e., “Type G.” The subtype is the number following the classification letter. This 

allows for incremental transitions between classes; the type and subtype are temperature 

based. The luminosity component of the M.K. classification system is the roman numeral. 

Table 1 in Keenan’s 1985 publication succinctly outlines the Classes, Types, subtypes, and 

luminosity used; however, does not discuss the specific classification criteria. Classification 
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criteria specifics are reserved for stellar atlases such as those published by Keenan, Morgan, 

and Yamashita (Keenan & McNeil, 1976; Morgan et al., 1978; Yamashita & Nariai, 1977). 

 The M.K. system is the standard used for stellar classification today, and there is a 

strong understanding of the classification criteria and representative ‘standard stars’ for each 

class. These standard stars are used as the measuring device to compare unclassified stellar 

spectra and apply classification as determined by the classifier. While robust, the M.K. 

system continues to adapt and evolve to accept new inputs and discoveries and undergo 

periodic critique to ensure it meets the community's needs. Garrison dives deep into the 

standard stars and performs a detailed examination of which ones have not changed 

classifications throughout the years, resulting in a hierarchy of ‘anchor points’ for classifiers 

when determining which standard stars to use in their classification process (Garrison, 1994). 

In 2002, Walborn recommended a new type definition to the MK system, O2. This analysis 

uses blue and violet spectroscopic data to define the criteria of these ultra-hot stars (Walborn 

et al., 2002). Most recently, the need for automated classification has never been greater. 

With a large amount of sky survey data available from ground and space-based telescopes, 

the vast amount of spectra that need classification requires a more automated approach with 

computer software. Gray created the MKCLASS automatic classification code to do what 

humans do, classify stars based on direct comparison to MK standard stars, and to great 

success (Gray et al., 2016). 

Current Studies in the Area of Stellar Spectroscopy 

 The Harvard University Astrophysics Data System (ADS) is a repository for stellar 

spectroscopy and astrophysics studies and research. This extensive database is well known 

throughout the community as a location for finding literature and published research on 
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Astro-physical topics. When performing a search for articles published between 2019 and 

2023 on the topic of stellar spectroscopy, ADS returns 11,987 results. This extensive 

knowledge present is encouraging to the field and also shows how the application of stellar 

spectroscopy has grown tremendously. Additionally, the advancement of technology in on-

orbit and terrestrial-based observatories, as well as software analysis tools and algorithms, 

has rapidly increased the ability to study stellar objects. 

 Technological advances have accelerated the ability to perform sky surveys, resulting 

in thousands of raw spectra needing classification. In order to help with this immense amount 

of data, there are many current studies published to help achieve rapid automation for 

classification. Zhao proved the effectiveness of the ensemble model for deep machine 

learning to assist with astronomical spectral classification in individual stars from the Sloan 

Digital Sky Survey (SDSS), quasi-stellar objects, and galaxies (Zhao et al., 2022). Also 

seeking an automation approach, Kyritsis uses a random forest algorithm to identify the 

spectral classification of OB-type stars and applies it to multiple sky survey products. They 

concluded that the model works well for data similar to the sample, SNR above 50 (Kyritsis 

et al., 2021). Other studies in the automation of classification are by Brice and Roulston. 

Roulston already had developed the automated classification software PyHammer and 

released version 2.0, which expands its capabilities to dwarf carbon stars, white dwarf stars, 

and double-lined spectroscopic binaries, resulting in a more than 95% success rate in the 

correct classification (Roulston et al., 2020). Lastly, Brice’s automation approach uses a 

single classifier to apply an M.K. classification to individual star spectra from SDSS. It 

recognizes the problem that multi-dimensional data presents to automated classification, 

especially when considering rotational velocity (RV), concluding that automatic 
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classification with high accuracy can be achieved for stars with small RV (Brice & Andonie, 

2019). 

 Other areas of study include the refinement of the classification system and its 

corresponding standard stars. Giudici proposes a new set of standard stars for all sub-types 

between O2 and B0 for all luminosity classes in the near-infrared (NIR) spectrum (Giudici 

Michilini et al., 2021). Concluding HeI and He II lines still assist in the NIR spectrum for O-

type supergiants (Giudici Michilini et al., 2021). Also critically analyzing the classification 

system is Crawford, seeking to fill the gaps in the current system for Hydrogen-deficient 

Carbon (HdC) stars, a subset of carbon stars. The system is based on the visual appearance of 

their spectra and a combination of algorithms and human classification to create eight classes 

of HdC stars (Crawford et al., 2023). Lastly, the NIR spectrum from SDSS is used to 

understand B-type stars and determine a “well-defined relationship between optical and 

infrared spectra” to understand young cluster development (Ramírez-Preciado et al., 2020). 

While not directly related to stellar classification, recent uses of stellar spectroscopy have 

also helped understand the dimming of the star Betelgeuse in the constellation Orion (Dupree 

et al., 2020) and applied to exoplanet research to understand parent stars (Panchuka et al., 

2020). 

 



 28 

CHAPTER III: RESEARCH PLAN 

Goals 

 These project goals are for partial fulfillment of the requirements of the Master of 

Science in Space Studies. This project utilizes the UND Space Studies Observatory for data 

collection to accomplish the following: 

1. Identify a target open star cluster with unclassified stars; 

2. Develop a list of target unclassified stars from within the identified open star 

cluster; 

3. Perform spectroscopic observations with the UND Space Studies Observatory to 

gather raw stellar spectra; 

4. Calibrate the observations with custom python software and produce digital line 

spectra; and 

5. Assign a stellar type, sub-type, and luminosity class to each target unclassified 

star by performing visual stellar classification on the calibrated digital line spectra 

using MK classification criteria. 

Observatory & Data Requirements 

 Telescope #3 was used for all spectral observations. The complete equipment list 

used is detailed in Tables I and II below. The Santa Barbara Instrument Group (SBIG) Self-

Guiding Spectrograph (SGS) was used to obtain the stellar spectra. 

  


