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INTRODUCTION 

Infrared astronomy provides an important observational window for the study of galaxies and 

their evolution. A significant fraction of the energy emitted by some galaxies is released in the 

infrared, making infrared observations particularly effective for revealing systems with intense 

star-formation activity, large amounts of interstellar dust, and active galactic nuclei. Infrared-

selected galaxies therefore provide valuable information on the processes that regulate star 

formation, nuclear activity, galaxy interactions, and the evolution of galaxies across cosmic time. 

The study of such objects is also important for understanding the relationship between starburst 

activity and active galactic nuclei and the role of interactions and mergers in the evolution of 

galaxies [1, 2].  

The InfraRed Astronomical Satellite (IRAS) was the first space-based observatory to carry out an 

infrared survey of almost the entire sky. IRAS mapped approximately 96% of the sky in four 

bands centred at 12, 25, 60, and 100 μm and detected approximately 350,000 infrared sources. 

The IRAS Point Source Catalogue (PSC) [3] and Faint Source Catalogue (FSC) [4] subsequently 

became major resources for infrared and extragalactic studies. In particular, the 60 and 100 μm 

measurements provide far-infrared information that is highly useful for investigations of 

infrared-selected galaxies. 

Among infrared-selected galaxies, the most luminous systems are of particular interest. Following 

the commonly used infrared-luminosity classification [5], galaxies with LIR > 1011 L are classified 

as Luminous Infrared Galaxies (LIRGs), galaxies with LIR > 1012 L as Ultra-Luminous Infrared 

Galaxies (ULIRGs), and galaxies with LIR > 1013 L as Hyper-Luminous Infrared Galaxies 

(HLIRGs). Their high luminosities allow them to be detected at relatively large distances, making 

them useful objects for studying energetic processes in galaxies and the history of star formation. 

The high infrared luminosity of a galaxy may be produced by intense star formation, nuclear 

activity, or a combination of both. Starburst activity is associated with enhanced star-formation 

rates over relatively short evolutionary timescales, while active galactic nuclei are powered by 

energetic processes in compact nuclear regions and are generally associated with accretion onto 

supermassive black holes. A major unresolved question concerns the physical relationship 

between these two forms of activity and the circumstances under which one may accompany or 
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influence the other. The question becomes especially relevant for luminous infrared galaxies 

because many such systems also exhibit interaction, multiple structure, or merging features.  

Reliable identification of infrared sources is therefore a fundamental step in their scientific study. 

The positional uncertainties of the original IRAS catalogues, together with the possibility of 

uncertain detections, make direct identification of their optical counterparts difficult. To improve 

the available data set, the IRAS PSC and FSC were combined into the IRAS PSC/FSC Combined 

Catalogue [6]. This catalogue contains 345,163 infrared sources. Its positional information was 

improved by cross-correlation with more recent catalogues, including AKARI-IRC [7], AKARI-

FIS [8], and WISE [9], providing a substantially more accurate basis for identifying optical 

counterparts and carrying out multiwavelength studies. 

Optical identification and spectroscopy of IRAS sources have been a major research direction at 

the Byurakan Astrophysical Observatory since 1995 [10]. These studies resulted in the discovery 

and investigation of the Byurakan-IRAS Galaxies (BIG) [11], including galaxies with strong star-

formation activity, active nuclei, enhanced infrared luminosity, and interacting or multiple 

structures. Spectroscopic observations have been obtained with the BAO 2.6-m telescope [12, 13], 

the 6-m telescope of the Special Astrophysical Observatory (SAO, Russia) [14, 15], the 1.93-m 

telescope of the Observatoire de Haute-Provence (OHP, France) [16], and the Sloan Digital Sky 

Survey (SDSS) [17, 18]. A total of 257 BIG objects have been spectroscopically studied and 

classified [19].  

The spectroscopic study of BIG objects provides redshifts, radial velocities, distances, absolute 

magnitudes, and information about the physical activity of the galaxies. Among the 257 studied 

objects, 149 were classified as HII/star-forming galaxies, while the remaining objects were 

distributed among AGN, composite, emission-line, normal, LINER, Seyfert, absorption, and 

unclassified categories. The sample also contains pairs and multiple systems, providing an 

opportunity to study the relationship between infrared emission, star formation, nuclear activity, 

and galaxy interactions [19].  

The next stage of the research involves extending the study from a relatively limited set of 

identified BIG objects to the much larger population represented by the IRAS PSC/FSC Combined 

Catalogue [6]. Because the catalogue contains hundreds of thousands of sources, reliable 
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determination of their nature requires the combination of several complementary data sets. 

Cross-correlation with catalogues of known galaxies, quasars, and blazars can provide secure 

identifications, while optical morphological information can be used to identify galaxy 

candidates. Radio catalogues provide an additional extragalactic criterion, and Gaia proper-

motion information can be used to identify and remove stellar sources [20].  

The resulting large-scale investigation has produced a preliminary classification of the IRAS 

source population into stars, galaxies, quasars, galaxy candidates, and unidentified sources. From 

the 345,163 sources of the Combined Catalogue, 183,168 were identified as star candidates, 68,940 

as galaxy candidates, and 12,057 as confirmed or genuine galaxies or quasars, while 80,998 sources 

remained unidentified at the stage reported in the study [20].  

A further step is the identification of the most luminous infrared galaxies within this large data 

set. Using improved WISE positions, SDSS spectroscopic information, and the four IRAS flux 

measurements, 6,346 sources with reliable spectroscopic optical counterparts were selected. Of 

these, 6,270 had measurements available in all four IRAS bands required for the infrared-

luminosity calculation [21]. Selecting objects with LIR > 1012 L resulted in a sample of 114 high-

luminosity infrared galaxies belonging to the ULIRG and HLIRG classes [22].  

The 114-object sample was subsequently studied spectroscopically in order to determine the types 

of nuclear and star-forming activity present in these extremely luminous systems [23]. The 

classification identified quasars and BL Lac objects, Seyfert galaxies with broad and narrow 

spectral components, LINERs, composite objects, HII galaxies, emission-line objects, and 

absorption-line systems. The analysis showed that the high-luminosity infrared sample contains 

a substantial population of broad-line active galaxies in addition to the HII and lower-ionization 

systems commonly associated with less luminous infrared galaxies [24].  

The study of infrared galaxies can be extended further through the use of the Armenian Virtual 

Observatory (ArVO) and archival observations preserved at the Byurakan Astrophysical 

Observatory. The BAO Plate Archive contains approximately 37,000 photographic plates and 

films obtained during decades of observations. The digitization programme was developed to 

preserve this observational heritage, provide access to the data, and enable new scientific 

investigations [25]. The Digitized First Byurakan Survey (DFBS), based on 1,874 plates, contains 
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approximately 40 million extracted low-dispersion spectra and represents an additional valuable 

source of information for the investigation and classification of 20 million astronomical objects 

[26, 27, 28, 29].  

The present Thesis brings these lines together into a systematic study of infrared galaxies selected 

from IRAS data. The work combines optical identification, spectroscopy, catalogue cross-

correlation, infrared and far-infrared luminosity determination, spectral activity classification, 

and the study of interacting, pairs, and multiple systems. Particular emphasis is placed on the 

Byurakan-IRAS Galaxy population and on the high-luminosity ULIRG and HLIRG population, 

while the larger IRAS extragalactic sample provides the basis for extending the investigation to a 

much broader population of infrared galaxies. 

Aim of the Thesis 

The main aim of this Thesis is to investigate the optical, spectroscopic, infrared, and 

multiwavelength properties of IRAS-selected galaxies, to improve the identification and 

classification of their extragalactic counterparts, to characterise their infrared luminosities and 

types of activity, and to investigate the role of interactions and multiple systems in the observed 

properties of infrared galaxies. 

Objectives of the Thesis 

• To investigate the optical counterparts and spectroscopic properties of Byurakan-IRAS 

Galaxies. 

• To determine redshifts, distances, absolute magnitudes, and spectral activity types for the 

studied BIG objects. 

• To develop and extend the extragalactic sample of the IRAS PSC/FSC Combined Catalogue 

using cross-correlation with optical, infrared, radio, and Gaia catalogues. 

• To identify high-luminosity infrared galaxies within the IRAS sample and determine their 

infrared luminosities. 

• To construct and investigate the sample of ULIRGs and HLIRGs and identify newly revealed 

objects. 
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• To classify the high-luminosity infrared galaxies according to their spectral activity and 

investigate the distribution of HII, Seyfert, LINER, composite, quasar, and other activity 

types. 

• To investigate pairs, multiple, interacting, and merging infrared systems and determine the 

relation between their structure and infrared emission. 

• To explore the use of the Armenian Virtual Observatory and the BAO Plate Archive as 

resources for the further investigation of infrared and active galaxies. 

Scientific Novelty 

The scientific results presented in this Thesis include the systematic spectroscopic analysis of a 

large sample of Byurakan-IRAS Galaxies, the construction and analysis of an extensive 

extragalactic sample from the IRAS PSC/FSC Combined Catalogue, and the identification and 

classification of 114 high-luminosity infrared galaxies belonging to the ULIRG and HLIRG 

classes. Among these, 48 ULIRGs and 7 HLIRGs were reported as newly identified objects [19, 

20, 22, 23]. 

The Thesis also brings together the classification of the high-luminosity objects with their 

infrared luminosities, redshifts, optical colours, and spectral properties, while extending the 

analysis toward interacting and multiple systems and the broader use of astronomical archival 

resources. 

Practical and Scientific Significance 

The results provide observational samples that can be used for statistical studies of infrared 

galaxies, active galaxies, star-forming systems, and high-luminosity infrared objects. The 

identification and classification of the sources also provide a basis for selecting individual objects 

and subsamples for more detailed optical, infrared, radio, ultraviolet, X-ray, and morphological 

investigations. The development of large and homogeneous samples is particularly important for 

studying the statistical properties of infrared galaxies and their evolution. 
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Structure of the Thesis 

Chapter 1 presents the scientific background required for the study, including infrared galaxies, 

the IRAS survey and catalogues, LIRGs, ULIRGs and HLIRGs, star-formation and nuclear activity, 

galaxy interactions, spectroscopic classification, and the main astronomical data resources used 

in the research. 

Chapter 2 is devoted to the Byurakan-IRAS Galaxies. It presents the optical and spectroscopic 

observations, the determination of redshifts and distances, the classification of the galaxies 

according to their activity, and the statistical properties of the BIG sample, including pairs and 

multiple systems. 

Chapter 3 presents the construction of the extragalactic sample of the IRAS PSC/FSC Combined 

Catalogue. The cross-correlation methodology and the use of optical, radio, infrared, and Gaia 

catalogues are described, followed by the preliminary classification of the IRAS population. 

Chapter 4 focuses on high-luminosity infrared galaxies. The selection of ULIRGs and HLIRGs, 

the calculation of their infrared luminosities, their spectral classification, and the statistical 

relations between activity type, luminosity, redshift, and optical colours are investigated. 

Chapter 5 introduces the Armenian Virtual Observatory (ArVO), the BAO Plate Archive and the 

Digitized First Byurakan Survey (DFBS), then focuses on two studies of automated DFBS 

classification. The first investigates supervised and unsupervised classification of low-dispersion 

spectral images; the second extends the approach to selected spectral subtypes and presents a 

cloud-based machine-learning service. 

Chapter 6 synthesizes the studies of Chapters 2–5, considers their scientific implications and 

methodological limitations, and identifies directions for future research.  

The Conclusion summarizes the principal results of the Thesis. 

The Main Points to Be Presented for Defense 

1. Results of the optical identification and spectroscopic study of Byurakan-IRAS Galaxies. A 

spectroscopic sample comprising 257 objects was compiled and investigated using 

observations obtained with the 2.6-m telescope of the Byurakan Astrophysical Observatory 
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(BAO), the 6-m telescope of the Special Astrophysical Observatory (SAO), the 1.93-m 

telescope of the Observatoire de Haute-Provence (OHP), and data from the Sloan Digital Sky 

Survey (SDSS). Redshifts, distances, absolute magnitudes, and spectral activity classes were 

determined for the studied objects. 

2. Methodology and results of constructing an extragalactic sample from the IRAS PSC/FSC 

Combined Catalogue. An approach for the preliminary identification of the extragalactic 

nature of infrared sources was developed and applied. It is based on cross-matching with 

catalogues of known galaxies and active objects, optical morphological information, radio-

source data, and astrometric information from Gaia. 

3. Selection of high-luminosity infrared galaxies and identification of new objects. A sample of 

114 galaxies belonging to the ultraluminous infrared galaxy (ULIRG) and hyperluminous 

infrared galaxy (HLIRG) classes was selected from the IRAS PSC/FSC Combined Catalogue. 

Among these objects, 48 ULIRGs and 7 HLIRGs were reported as newly classified. 

4. Results of the spectroscopic classification of high-luminosity infrared galaxies. The spectral 

properties and activity types of the selected objects were investigated, distinguishing Seyfert 

galaxies, quasars, LINERs, HII galaxies, composite objects, and other spectral classes. The 

roles of active galactic nuclei and star-formation activity in the infrared emission of high-

luminosity systems were examined. 

5. Results of the investigation of pairs and multiple systems of infrared galaxies. The optical 

identification of infrared sources and the characteristics of interacting galaxies and multiple 

systems were investigated. Possible relationships between their structure, star-formation 

activity, and nuclear activity were considered. 

6. Applications of astronomical archival data and digital methods. The potential of the 

Armenian Virtual Observatory (ArVO), the BAO Plate Archive, and the Digitized First 

Byurakan Survey (DFBS) was investigated for the identification of astronomical objects and 

the classification of low-dispersion spectra. 

Personal Contribution to Co-authored Publications 

I made a substantial personal contribution to the research presented in this Thesis. 
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In Chapter 2, I compiled and analysed the previously obtained observational and spectroscopic 

results for the Byurakan-IRAS Galaxies (BIG). Although the original observations were carried 

out by other researchers, I collected and systematised the available results, reviewed and 

corrected the parameters, prepared the summary of the spectroscopic dataset, and conducted a 

dedicated investigation of pairs and multiple systems. I also analysed the spectroscopic 

classifications and derived parameters to provide a consistent overview of the studied sample. 

In Chapter 3, I carried out the principal research activities related to the construction and analysis 

of the extragalactic sample based on the IRAS PSC/FSC Combined Catalogue, including the 

processing and interpretation of catalogue data and the investigation of source-identification 

criteria. The cross-correlations with all catalogues have been done by me. 

In Chapter 4, I conducted the principal analysis of the high-luminosity infrared galaxy sample, 

including the selection and investigation of ULIRGs and HLIRGs, the analysis of infrared 

luminosities, and the study of their spectroscopic classifications and activity types. 

For the research presented in Chapter 5, my contribution consisted of data acquisition, data 

analysis and/or interpretation. 

I also contributed to the overall synthesis and interpretation of the research results presented in 

this Thesis and to the preparation of the scientific material. 

Publications Forming the Basis of the Thesis 

1. G.A. Mikayelyan, A.M. Mickaelian, H.V. Abrahamyan, G.M. Paronyan, “Discovery of 
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1. INFRARED GALAXIES AND THEIR ASTROPHYSICAL CONTEXT 

1.1. Infrared Galaxies 

Infrared galaxies are an important class of extragalactic objects whose energy output is strongly 

concentrated in the infrared part of the electromagnetic spectrum. Their infrared emission is 

commonly associated with dust-reprocessed radiation from regions of intense star formation, 

although an active galactic nucleus may also make a significant contribution to the observed 

luminosity. Infrared observations therefore provide an efficient way to identify galaxies in which 

large amounts of energy are being released by star formation and nuclear activity. 

The observational foundation for identifying such a population was established with the 

development of space-based infrared astronomy and, in particular, with the launch of the 

Infrared Astronomical Satellite (IRAS). IRAS demonstrated the importance of infrared 

observations for extragalactic astronomy and revealed a large population of galaxies that emit a 

major part of their energy at infrared wavelengths. Many of these galaxies are rich in gas and 

dust, and their infrared emission may be produced by vigorous star formation, AGN activity, or 

both. 

These properties make infrared-selected galaxies relevant to several connected scientific 

problems: the evolution of galaxies, the history of star formation, the growth of supermassive 

black holes, the interaction between starburst and nuclear activity, and the role of galaxy 

interactions and mergers in triggering energetic phenomena. 

1.1.1. Physical Basis of Infrared Astronomy 

To understand why infrared observations are so effective for detecting luminous infrared galaxies, 

particularly dusty systems with intense star formation and active galactic nuclei, it is necessary 

to consider how infrared radiation is produced and emitted. Infrared astronomy occupies a 

distinctive position within modern multiwavelength astrophysics because thermal and dust-

reprocessed emission carries information that is often strongly attenuated or completely hidden 

at optical wavelengths. The infrared regime is not limited to a particular class of astronomical 

objects: all bodies with temperatures above absolute zero emit thermal radiation, while the 
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relative importance of that emission shifts toward longer wavelengths as the characteristic 

temperature decreases. Consequently, infrared observations provide access to populations and 

physical environments that may be inconspicuous in the optical domain. 

For astronomical applications, the infrared range is commonly divided into near-infrared (NIR), 

mid-infrared (MIR), and far-infrared (FIR) domains. The boundaries are not unique and may 

depend on detector technology, atmospheric transmission, and the observational context. Table 

1.1 below emphasises this practical definition and associates the different wavelength domains 

with characteristic classes of objects: relatively cool stars and stellar envelopes in the NIR; warm 

dust, planets, comets, asteroids, and circumstellar or protoplanetary material in the MIR; and cold 

gas, cool dust, molecular clouds, and the central regions of galaxies in the FIR [1]. 

Table 1.1. Practical infrared spectral domains and representative astronomical applications. 

*The temperature ranges are presented as characteristic scales associated with the wavelength ranges in the source material; the boundaries 

between NIR, MIR, and FIR are not universal and depend on the observational system. [1] 

Infrared domain Approximate wavelength Characteristic temperature* Representative objects 

Near-infrared (NIR) (0.7-1)–5 μm ~740–(3000-5200) K 

Cool/red stars, stellar 

envelopes, planetary 

nebulae 

Mid-infrared (MIR) 5–(25-40) μm ~(92.5-140)–740 K 

Planets, comets, asteroids, 

warm dust, circumstellar 

and protoplanetary 

material 

Far-infrared (FIR) (25-40)–(200-350) μm ~(10.6-18.5)–(92.5-140) K 

Cold gas and dust, 

molecular clouds, galactic 

central regions 

 

The physical reason for this wavelength dependence can be expressed through Wien’s 

displacement relation: the wavelength at which a thermal spectrum reaches its maximum 

increases as the temperature decreases. Thus, cold astrophysical material emits preferentially at 

longer wavelengths. In the context of galaxy research, this makes the infrared particularly 

sensitive to interstellar dust and to energy absorbed from ultraviolet and optical radiation and 
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subsequently re-emitted thermally. Regions of vigorous star formation can therefore become 

prominent infrared sources even when they are heavily obscured in visible light. 

This temperature dependence also explains why the infrared view of a galaxy can differ markedly 

from its optical appearance. In the near-infrared, the effects of dust obscuration are reduced 

relative to the visible domain, allowing structures hidden by extinction to be investigated. At 

longer wavelengths, emission from cooler material becomes increasingly important. Figures 1.1 

and 1.2 illustrate this change using images of dusty Galactic regions and the Galactic centre, 

emphasizing that objects may appear, disappear, or change their relative prominence as the 

observing wavelength is increased. 

 

Figure 1.1. Appearance of the Horsehead Nebula in the visible, near-IR (2MASS), and mid-IR (ISO) ranges [1]. 

These physical effects are directly relevant to infrared galaxies. Strong far-infrared emission may 

trace large reservoirs of cool dust heated by young stars, while mid-infrared emission can contain 

contributions from warmer dust and compact nuclear regions. In active galaxies, radiation 

associated with an energetic nucleus can also heat surrounding dust and contribute substantially 

to the infrared output. The observed infrared luminosity is therefore an integrated indicator of 

several possible energy-production mechanisms, and its interpretation is most reliable when 

combined with optical spectroscopy and other wavelengths. 
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Figure 1.2. View of the Galactic Centre in the visible and near-infrared (2MASS) ranges [1]. 

1.1.2. Atmospheric Constraints and the Need for Space-Based Infrared Observations 

The usefulness of particular infrared wavelength ranges on Earth is strongly constrained by the 

terrestrial atmosphere. Water vapour absorbs over substantial portions of the infrared spectrum, 

while the atmosphere itself produces thermal emission. The combination of atmospheric 

absorption and background radiation limits sensitivity, especially at longer wavelengths. Ground-

based infrared observatories are therefore preferentially located at high, dry sites, where the 

water-vapour column is reduced. Even at such sites, only selected atmospheric transmission 

windows are available for observations. Figure 1.3 shows the atmospheric transmission across the 

electromagnetic spectrum. 

The detector environment introduces an additional constraint. Infrared instruments can 

themselves emit thermal radiation and therefore introduce background signals. Cooling the 

telescope and its detectors to very low temperatures reduce this contribution and improve 

sensitivity.  

Together, the atmospheric and instrumental limitations explain the central role of space missions 

in the development of infrared astronomy. Space-based telescopes avoid the dominant effects of 

atmospheric absorption and can observe wavelength ranges that are inaccessible, or extremely 

difficult, from the ground. They also provide more stable backgrounds and enable systematic 

surveys over large portions of the sky. These advantages were essential for the transition from 

specialized ground-based infrared observations to large homogeneous infrared catalogues, 
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beginning with IRAS and continuing with subsequent missions such as ISO [30], Spitzer [31], 

AKARI [7, 8], and WISE [9]. 

 

Figure 1.3. Atmospheric transmission across the electromagnetic spectrum, illustrating the wavelength regions accessible to 

ground-based astronomy (Credit: STScI/JHU/NASA). 

 

1.1.3. Development of Infrared Astronomy and the IRAS Breakthrough 

Following the physical and observational foundations described above, infrared astronomy 

developed from early ground-based measurements toward increasingly sensitive surveys and 

dedicated space observatories. The evolution of infrared astronomy included the identification of 

infrared emission from both Galactic and extragalactic objects, and the subsequent extension of 

observations to progressively longer wavelengths. These developments established infrared 

astronomy as an important branch of observational astrophysics capable of detecting objects and 

structures that can be weak or obscured at optical wavelengths. Table 1.2 describes the major 

infrared telescopes and surveys. 

The increasing importance of space-based observations followed directly from the atmospheric 

and thermal limitations discussed in Section 1.1.2. Space missions made it possible to obtain 

systematic measurements over wavelength ranges that are difficult or inaccessible from the 

ground and to build large, homogeneous infrared surveys. This progression culminated in the 



 

21 

 

Infrared Astronomical Satellite (IRAS), whose mission, survey characteristics, principal 

catalogues, and importance for extragalactic astronomy are discussed in detail in Section 1.2. 

Table 1.2. Major infrared telescopes and large-scale infrared surveys, with their operating periods, wavelength coverage, and 

principal results [1]. 

Telescope / 

Survey 
Country Period 

Wavelength 

bands, μm 
Main results 

IRAS [3,4] USA 1983 8–120 All-sky survey 

ISO [30] Europe 1996-1998 2.5–240 Infrared spectra 

Spitzer [31] USA 2003-2020 3–180 
Deep infrared images and 

spectra 

AKARI [7,8] Japan 2006-2007 1.8–180 All-sky survey 

Herschel [32] Europe 2009-2013 55–672 Far-infrared observations 

WISE [9] USA 2010-2011 3–28 All-sky survey 

JWST [33] USA 2022- 0.6–28.5 Deep infrared images 

DENIS [34] Europe 1996-2001 0.82; 1.24; 2.16 
Southern-sky survey (ground 

based) 

2MASS [35] USA 1997-2001 1.24; 1.66; 2.16 All-sky survey (ground based) 

 

1.1.4. Infrared Galaxies, Star Formation, AGN, Interactions and Merging 

With the observational importance of infrared galaxies established, the next question is what 

physical processes produce their strong infrared emission. Two major sources of energetic activity 

are intense star formation and active galactic nuclei. In star-forming systems, young massive stars 

emit strong ultraviolet radiation that is absorbed by surrounding dust and re-radiated thermally 

in the infrared. In AGN, compact nuclear activity can heat surrounding dusty material and 

produce an additional infrared component. The relative contribution of these mechanisms varies 

from object to object, making multiwavelength classification an essential part of infrared-galaxy 

research. 

At the population level, this physical diversity is reflected in the luminosity classes LIRG, ULIRG, 

and HLIRG, which provide a useful phenomenological ordering by total infrared luminosity. The 

commonly used thresholds are 1011–1012 L for LIRGs, 1012–1013 L for ULIRGs, and above 1013 
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L for HLIRGs [5]. The increase in infrared luminosity is accompanied by a changing mixture of 

physical activity, with an increasing importance of AGN among the most luminous systems [24]. 

The physical interpretation of the most luminous systems is further complicated by the frequent 

presence of interacting and multiple structures. Highly luminous infrared galaxies often display 

interacting or multiple morphologies [36], and the coexistence of enhanced infrared emission, 

starburst activity, and nuclear activity raises the question of how these processes are physically 

related. This question is especially relevant to the ULIRG population and is carried into the later 

chapters of this Thesis, where both the high-luminosity sample and BIG pairs and multiples are 

considered. 

1.2. The IRAS Survey 

A decisive step in the development of infrared astronomy was the launch of the Infrared 

Astronomical Satellite (IRAS) on 25 January 1983. IRAS operated for approximately ten months 

and surveyed about 96% of the sky repeatedly in four bands centred at 12, 25, 60, and 100 μm. 

The mission detected roughly 350,000 infrared sources and produced the first major 

homogeneous all-sky infrared source catalogues [3,4]. 

 

Figure 1.4. The Infrared Astronomical Satellite (IRAS) (Credit: IRAS/IPAC). 
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The two principal catalogues produced from the IRAS survey are the IRAS Point Source 

Catalogue (PSC) [3] and the IRAS Faint Source Catalogue (FSC) [4]. Together they provide 

measurements at four infrared wavelengths and became fundamental historical data sets for 

infrared and extragalactic studies. The PSC provides an all-sky source list, while the FSC provides 

a deeper sample and excludes the Galactic region with |b| < 10°. 

For extragalactic research, an important strength of IRAS is its homogeneous far-infrared 

coverage, especially at 60 and 100 μm. The survey revealed a large population of infrared-emitting 

galaxies, including systems whose optical counterparts were not always securely identified. 

Consequently, the scientific use of IRAS galaxy samples depends not only on the infrared 

measurements themselves, but also on accurate source identification and on combining the IRAS 

data with more precise modern catalogues. This naturally leads to the construction of the IRAS 

PSC/FSC Combined Catalogue [6] discussed in Section 1.3. 

1.3. The IRAS PSC/FSC Combined Catalogue 

The separate PSC and FSC catalogues contain overlapping sources, but their direct cross-

identification is complicated by the positional uncertainties and the varying reliability of 

individual detections. To address this problem, a dedicated cross-correlation procedure was 

developed within the framework of the Armenian Virtual Observatory [37]. Instead of adopting 

one fixed search radius, the method used a radius corresponding to the positional uncertainty of 

each individual source. This resulted in 73,770 associations between PSC and FSC sources. 

The resulting IRAS PSC/FSC Combined Catalogue contains 345,163 sources. Its positional 

information was further improved through cross-correlations with AKARI-IRC, AKARI-FIS, and 

2MASS/WISE. The combined data set contains photometric information extending from 

approximately 1.25 to 160 μm and provides a homogeneous basis for large-scale studies of infrared 

sources [6]. 

The improved positional accuracy is particularly important for optical identification. The original 

IRAS positional uncertainties can make the identification of an optical counterpart ambiguous, 

whereas WISE and other modern catalogues provide substantially improved astrometric 
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information. This improvement forms one of the methodological foundations of the research 

presented in the subsequent chapters. 

1.4. Infrared Luminosity Classification 

Infrared galaxies cover a wide range of luminosities. A commonly used classification separates 

them into LIRGs, ULIRGs, and HLIRGs according to their total infrared luminosity [5]. LIRGs 

have 1011 < LIR/L < 1012, ULIRGs have 1012 < LIR/L < 1013, and HLIRGs have LIR/L > 1013. 

The increase of infrared luminosity is accompanied by important changes in the observed galaxy 

population. The available studies indicate an increasing importance of AGN among the most 

luminous infrared systems, while starburst-dominated systems are common among less luminous 

infrared galaxies [24]. This makes luminosity an important parameter when investigating the 

activity mechanisms of infrared-selected galaxies. 

ULIRGs are particularly important because their infrared luminosities can be comparable to those 

of quasars, while their optical appearance may remain strongly influenced by dust and star 

formation. Their high luminosities also make them accessible at larger distances and therefore 

useful for studies of the evolution of luminous galaxy populations. 

1.5. Star Formation and Starburst Activity 

Star formation is one of the principal mechanisms responsible for strong infrared emission in 

galaxies. Newly formed massive stars emit large amounts of ultraviolet and optical radiation, 

which can be absorbed by surrounding dust and subsequently re-emitted in the infrared. Thus, 

strong infrared emission can serve as an indicator of elevated star-formation activity. 

The starburst phase corresponds to a period in which the star-formation rate is significantly 

enhanced over the normal level of a galaxy. The studies summarized in the present work note 

that typical star-formation rates may be of order a few solar masses per year, while in powerful 

starburst systems they can become orders of magnitude larger. 

For the galaxies considered in this Thesis, star formation is mainly investigated through optical 

spectral classification and infrared luminosity measurements. HII-type spectra provide evidence 
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for ionized regions associated with star formation, while the infrared luminosity provides an 

integrated measure of the energetic output from the dust-emitting component. 

1.6. Active Galactic Nuclei 

Active Galactic Nuclei (AGN) represent another major source of energy in infrared galaxies. The 

central region is associated with accretion onto a supermassive black hole, producing radiation 

over a broad wavelength range. Depending on the physical conditions and orientation of the 

nuclear region, galaxies can exhibit different spectral signatures, including Seyfert, LINER, and 

quasar characteristics. 

 

Figure 1.5. The unified model of Active Galactic Nuclei (AGN) [38]. 

Optical spectroscopy is particularly useful for distinguishing these activity types. Emission-line 

ratios and the presence or absence of broad components provide information about the excitation 

mechanism and the physical conditions in the nuclear region. In the high-luminosity infrared 

sample investigated in this Thesis, the presence of broad and narrow spectral components is 

particularly important for distinguishing the various Seyfert subclasses. 
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1.7. Starburst–AGN Connection 

One of the central scientific questions associated with infrared galaxies is the relationship 

between star formation and AGN activity. Infrared emission can result from both mechanisms, 

while interactions and mergers may influence either or both processes. Consequently, the 

observation of a high infrared luminosity alone does not uniquely determine the physical source 

of the emission. 

The samples investigated in this Thesis provide an observational framework for addressing this 

issue. The Byurakan-IRAS Galaxies (BIG) sample contains HII, AGN, LINER, Seyfert, and 

composite objects, while the ULIRG/HLIRG sample contains active galaxies together with HII 

and composite systems. Their comparison as a function of infrared luminosity, redshift, and 

optical colour provides an empirical basis for studying the diversity of energetic processes in 

infrared galaxies. 

1.8. Interacting, Binary, and Multiple Infrared Galaxies 

A notable property of infrared galaxies is the frequent occurrence of interacting, binary, and 

multiple systems. The interaction between galaxies can redistribute gas, compress the interstellar 

medium, and provide conditions favorable to enhanced star formation and nuclear activity. The 

identification of such systems is therefore an important part of the study of infrared galaxies. 

The BIG observations contain both isolated objects and systems with two or more optical 

counterparts associated with an infrared source. Their investigation makes it possible to 

determine whether the infrared emission originates from one galaxy or from the interaction as a 

whole and to study the relationship between galaxy structure, star formation, and nuclear 

activity. 

The preliminary investigation reported in the recent studies identified 361 groups containing 907 

counterparts of binary and multiple systems [2]. For a subset of these groups, spectroscopic 

observations are available for two or more members, allowing a more direct investigation of their 

physical relationship. 
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1.9. Optical Spectroscopy and Activity Classification 

Optical spectroscopy provides the principal method used in this Thesis for determining the 

physical nature and activity of the selected infrared galaxies. Spectroscopic observations provide 

redshifts and therefore distances, while the emission and absorption lines provide information 

about the ionization and excitation processes occurring in the galaxy. 

The BIG studies employ spectra obtained from several observatories and from SDSS, allowing 

objects observed with different instruments and at different epochs to be combined into one 

statistical sample. For the 257 BIG objects, the available spectra were used to determine redshifts, 

radial velocities, distances, absolute magnitudes, and activity classes. 

For the ULIRG/HLIRG sample, the classification required additional attention to the widths of 

the emission lines. Many of the spectra contain broad components that cannot be treated in the 

same way as narrow forbidden and permitted lines. Visual spectral inspection was therefore used 

as an important part of the classification process, particularly for Seyfert subclasses 1.0–1.9. 

1.10. Multiwavelength Data and Astronomical Archives 

The study of infrared galaxies benefits strongly from combining data obtained at different 

wavelengths. IRAS provides far-infrared measurements, while WISE and AKARI provide 

additional infrared information, SDSS provides optical imaging and spectroscopy, radio 

catalogues provide complementary information on extragalactic sources, and Gaia provides 

astrometric and proper-motion information useful for separating stars from extragalactic objects. 

The Armenian Virtual Observatory provides an important framework for combining these data 

sets. It has been used for catalogue cross-correlation and has also been associated with the 

development of tools for the study of astronomical databases. The BAO Plate Archive further 

extends the available data into the historical domain. Its digitization provides a searchable digital 

resource containing tens of thousands of archival observations and approximately 40 million low-

dispersion spectra from the Digitized First Byurakan Survey. 



 

28 

 

1.11. Scientific Motivation for the Present Study 

The combination of large infrared catalogues, accurate optical positions, spectroscopic surveys, 

and archival astronomical data provides an opportunity to move beyond the study of individual 

infrared galaxies toward statistically meaningful samples. The research presented in this Thesis 

follows this progression from the identification and spectroscopy of individual BIG objects to the 

construction of a much larger extragalactic IRAS sample and finally to the selection and detailed 

classification of the most luminous infrared systems. 

This approach allows several related questions to be addressed within one observational 

framework: What are the optical counterparts of IRAS sources? What types of activity are present 

in infrared galaxies? How are activity type and infrared luminosity related? How common are 

interacting and multiple systems? And how can improved catalogue cross-correlation and 

archival resources increase the number and quality of infrared galaxies available for scientific 

study? 

These questions provide the scientific basis for the original investigations presented in Chapters 

2–5. 
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2. BYURAKAN-IRAS GALAXIES: OPTICAL IDENTIFICATION AND 

SPECTROSCOPIC STUDIES 

2.1. Introduction 

The optical identification of infrared-selected sources is a necessary step in converting an infrared 

catalogue into a scientifically interpretable galaxy sample. Infrared observations are efficient at 

finding systems with strong dust-reprocessed emission, but the infrared measurement alone does 

not uniquely establish whether the dominant physical process is star formation, an active galactic 

nucleus (AGN), or a combination of processes. Optical imaging and spectroscopy provide 

complementary information that allows the nature of a source to be examined in greater detail, 

its redshift to be measured, and its nuclear or star-forming activity to be classified [19]. 

There have been a number of studies on identifications of IRAS galaxies since the release of IRAS 

catalogues: IRAS Revised Bright Galaxy Sample [39]; Far-InfraRed (FIR) sources [40]; IRAS 

galaxies towards the Boötes void [41]; IRAS point sources in the area of Fornax, Hydra I and Coma 

clusters [42]; IRAS 1.2 Jy survey [43]; IRAS galaxies in Virgo cluster area [44]; and some others. 

The Byurakan-IRAS Galaxy (BIG) programme was developed at the Byurakan Astrophysical 

Observatory (BAO) in this observational context. Since the mid-1990s, optical identifications of 

IRAS sources have been carried out with the aim of revealing galaxies with enhanced star 

formation, active nuclei, high infrared luminosity, and interacting or multiple structures [10]. 

The programme made use of the First Byurakan Survey (FBS) [45] and its digitized form, the 

Digitized First Byurakan Survey (DFBS) [26, 27], as well as subsequent optical observations and 

spectroscopy [10–17]. 

The BIG study is closely connected with the later parts of this Thesis. The objects provide a 

relatively detailed spectroscopic sample against which the much larger IRAS PSC/FSC 

extragalactic population can be compared. At the same time, the classification of BIG galaxies 

establishes an observational reference for the ULIRG and HLIRG population considered in 

Chapter 4. The BAO Plate Archive and Virtual Observatory methodology discussed in Chapter 5 
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also has a direct historical connection with this programme because low-dispersion FBS/DFBS 

spectra were used to improve the selection of optical counterparts of IRAS sources [19]. 

The present chapter concentrates on the observational and analytical methodology of the BIG 

sample. Particular attention is given to the construction of the spectroscopic dataset, the 

combination of observations obtained with different facilities, the derived distances and absolute 

magnitudes, the activity-classification scheme, and the interpretation of binary and multiple 

systems. The numerical results are retained according to the revised 257-object catalogue [19]. 

2.2. The Byurakan-IRAS Galaxy Sample 

The BIG programme was designed to investigate the optical counterparts of infrared sources and, 

through spectroscopy, to determine the physical nature of the corresponding galaxies. Earlier 

identification studies had shown that the optical identification of IRAS sources could be uncertain 

because the angular positions of infrared detections are less precise than those of modern optical 

surveys. Low-dispersion spectral information provided an additional discriminator because the 

spectral appearance of an optical source can distinguish galaxies from stars and can reveal 

emission features associated with active or star-forming systems [19]. 

The revised BIG dataset used here contains 257 spectra. The spectroscopic material was obtained 

from four sources: observations with the BAO 2.6-m telescope [12,13], observations with the 6-

m telescope of the Special Astrophysical Observatory (SAO) [14,15], observations with the 1.93-

m telescope of the Observatoire de Haute-Provence (OHP) [16], and spectra obtained from the 

Sloan Digital Sky Survey (SDSS) [17]. The source counts are 56, 54, 64, and 83, respectively, giving 

257 spectra in total [19]. In cases where multiple spectra of the same object were available from 

different telescopes or observations, the spectrum with the best overall quality was selected for 

the final dataset. 

The combination of these four observational sources is one of the strengths of the sample, but it 

also means that the dataset is not a single-instrument survey. The spectra were obtained under 

different observational conditions and with different instruments. Consequently, the sample 

should be interpreted as a compiled spectroscopic dataset rather than as a strictly homogeneous 
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flux-limited spectroscopic survey. Its primary strength is the accumulated spectroscopic coverage 

of identified IRAS galaxies and the resulting diversity of objects available for comparative study. 

Table 2.1. Spectroscopic sources contributing to the revised 257-object BIG sample. 

Spectroscopic source Number of spectra Fraction of total 

BAO 2.6-m 56 21.8% 

SAO 6-m 54 21.0% 

OHP 1.93-m 64 24.9% 

SDSS 83 32.3% 

 

2.3. Optical Identification and the Role of Low-Dispersion Spectroscopy 

The identification problem begins with an infrared position and requires the determination of 

the most plausible optical counterpart. In the BIG programme, optical identification was 

supported by the information contained in the FBS and DFBS. The original FBS was an objective-

prism survey, and its low-dispersion spectra contain information about colour, continuum shape, 

emission features, and absorption features. These characteristics can be used as a first-level 

discriminator when examining optical counterparts of infrared sources [45]. 

The DFBS work is particularly relevant because the digitization transformed the original 

photographic material into a coordinate-associated digital resource. The DFBS contains 

approximately 20 million astronomical objects and about 40 million extracted low-dispersion 

spectra. Its original survey area covers about 17,000 square degrees. The availability of extracted 

spectra made it possible to inspect candidate counterparts computationally as well as through 

direct visual examination [26]. 

For infrared-source identification, the value of low-dispersion spectroscopy is not that it replaces 

higher-resolution spectroscopy, but that it provides an efficient method for determining whether 

an optical source has the broad spectral characteristics expected for a galaxy, an active object, or 

a stellar contaminant. This was already part of the historical identification methodology and later 

became a natural application of the digitized archive. 
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In this sense, the BIG programme represents an intermediate methodological stage between 

individual historical identifications and the systematic catalogue cross-correlation approach used 

in Chapter 3. The BIG work relies on careful identification of particular sources, whereas the later 

IRAS extragalactic sample applies a hierarchy of automated or catalogue-based associations to 

hundreds of thousands of sources. 

2.4. Spectroscopic Observations and Derived Parameters 

Each entry in the revised BIG table contains an IRAS identifier, an optical apparent magnitude, 

the source of the spectrum, the emission-line redshift, the corresponding radial velocity, the 

adopted distance, the absolute magnitude, and the activity type. For SDSS objects the r-band 

magnitude is used, while magnitudes from the historical observations are described as being close 

to V. 

The emission redshift is the primary spectroscopic distance indicator in the tabulated sample. The 

source study gives radial velocities derived from the emission redshift using the relativistic 

relation and distances calculated with the adopted Hubble parameter H0 = 71 km s−1 Mpc−1 [19]. 

This parameter choice is part of the original reduction and is retained here rather than replaced 

by a different cosmological convention. 

The corresponding absolute magnitude is obtained from the apparent optical magnitude and 

distance according to the conventions used in the source dataset. Because the sample combines 

several types of spectroscopy and optical measurements, the absolute magnitudes should be 

interpreted as catalogue-level optical luminosity indicators rather than as a uniform precision 

photometric measurement for every object. 

Table 2.2. Principal parameters recorded for the 257 BIG objects. 

Parameter  Description Role in the analysis 

IRAS name Identifier of the infrared source 
Links the optical spectrum to 

the infrared catalogue 

mV / r 
Optical apparent magnitude; r 

used for SDSS objects 

Describes optical brightness and 

supports absolute-magnitude 

estimates 
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zem Emission-line redshift 
Determines recession velocity 

and distance 

vr 
Radial velocity derived from 

redshift 

Provides the velocity scale used 

in the source table 

R 
Distance in Mpc, adopted H0 = 

71 km s−1 Mpc−1 

Used to characterise the spatial 

scale of the sample 

M Absolute magnitude Characterises optical luminosity 

Activity type Spectral classification 
Separates star-forming and 

nuclear-activity populations 

Table 2.3. The list of all observed BIG objects with their parameters. 

IRAS name mV Spectra source zem V  R MV Activity Type 
    km/s Mpc   

03304+8456a 16.8 OHP 1.93m 0.0509 14868 209.40 -19.80 HII    

03304+8456b 16.4 BAO 2.6m 0.0500 14625 205.99 -20.16 Abs    

03333+7851 15.0 OHP 1.93m 0.0561 16347 230.24 -21.81 HII    

03347+7748 15.5 OHP 1.93m 0.0346 10209 143.79 -20.29 Composite 

03386+7909 15.9 OHP 1.93m 0.0559 16313 229.76 -20.91 Sy2    

03424+8424  16.0 SAO 6m 0.0744 21492 302.70 -21.41 LINER: 

03424+8713 15.4 BAO 2.6m 0.0249 7365 103.74 -19.67 HII    

03485+7703 15.6 OHP 1.93m 0.0701 20281 285.64 -21.68 HII    

04033+6942 15.9 OHP 1.93m 0.0161 4803 67.65 -18.25 LINER  

04079+7033 14.5 OHP 1.93m 0.0132 3934 55.41 -19.22 HII    

04140+7448 16.0 OHP 1.93m 0.0338 9972 140.45 -19.74 AGN    

04183+7457 14.7 OHP 1.93m 0.0325 9589 135.05 -20.95 Composite 

04574+7639 17.1 BAO 2.6m 0.1209 34081 480.02 -21.29 Em     

05097+7954 15.2 OHP 1.93m 0.0570 16602 233.83 -21.64 HII    

05126+6516 15.4 OHP 1.93m 0.0402 11824 166.53 -20.71 HII    

05196+7257 17.4 OHP 1.93m 0.1030 29303 412.72 -20.68 Sy2    

05214+7741 16.3 OHP 1.93m 0.0769 22194 312.59 -21.17 AGN    

05229+6826 14.5 OHP 1.93m 0.0166 4950 69.72 -19.72 HII    

05275+6600 16.0 OHP 1.93m 0.0306 9037 127.28 -19.52 AGN:   

05395+7550 15.0 OHP 1.93m 0.0248 7342 103.41 -20.07 HII    

05401+6435  15.2 SAO 6m 0.0539 15735 221.62 -21.53 HII 

05475+7449 16.0 OHP 1.93m 0.0515 15061 212.13 -20.63 Composite 

05577+6141 16.1 OHP 1.93m 0.0306 9034 127.24 -19.42 Em     

06022+7559 16.8 OHP 1.93m 0.0817 23509 331.11 -20.80 HII    

06028+6734a 15.9 BAO 2.6m 0.0169 5015 70.64 -18.33 HII    

06028+6734b 15.9 BAO 2.6m 0.0168 4983 70.18 -18.31 HII    

06038+6239 14.4 SAO 6m 0.0413 12134 170.91 -21.76 Norm. 

06261+7818a 18.4 BAO 2.6m 0.0939 26855 378.25 -19.45 HII    
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06261+7818b 17.4 BAO 2.6m 0.0940 26883 378.63 -20.48 LINER: 

06273+6858a 17.2 BAO 2.6m 0.0664 19252 271.15 -19.96 Em     

06273+6858b 16.4 OHP 1.93m 0.0665 19299 271.82 -20.77 HII    

06273+6858c 15.7 OHP 1.93m 0.0656 19022 267.91 -21.44 Sy2    

06319+7536 18.1 OHP 1.93m 0.0915 26210 369.15 -19.74 Composite 

06432+8551 19.0 BAO 2.6m 0.0898 25743 362.58 -18.80 HII    

06432+8551b 16.5 SAO 6m 0.0891 25544 359.77 -21.28 HII 

06545+6647 16.1 OHP 1.93m 0.0160 4765 67.11 -18.03 HII    

06584+6716a  17.0 BAO 2.6m 0.0734 21214 298.79 -20.38 Composite 

06584+6716b  17.9 BAO 2.6m 0.0710 20546 289.38 -19.41 Unknown 

07007+8242  16.9 SAO 6m 0.0586 17066 240.36 -20.00 HII 

07021+7349 14.0 OHP 1.93m 0.1031 29335 413.17 -24.08 LINER: 

07158+7706 15.5 OHP 1.93m 0.0485 14198 199.97 -21.00 HII    

07205+7842 16.3 OHP 1.93m 0.0866 24859 350.13 -21.42 Sy2    

07225+7653 16.1 OHP 1.93m 0.0484 14160 199.44 -20.40 AGN    

07479+7832 18.3 OHP 1.93m 0.1734 47577 670.10 -20.83 Em     

08036+7211 15.4 BAO 2.6m 0.0387 11374 160.20 -20.63 Em     

08054+6824 14.1 OHP 1.93m 0.0413 12123 170.74 -22.06 Composite 

08095+6445  14.1 SAO 6m 0.0294 8690 122.40 -21.34 Norm.  

08142+6821 16.0 OHP 1.93m 0.0388 11414 160.77 -20.03 HII    

08247+7311 14.9 OHP 1.93m 0.0655 19013 267.79 -22.24 HII    

08259+7427 17.3 OHP 1.93m 0.1232 34685 488.53 -21.14 HII    

08303+6118 16.8 SDSS 0.0865 24831 349.73 -20.89 HII 

08317+7602 17.0 OHP 1.93m 0.0931 26632 375.10 -20.87 HII    

08339+6517 14.4 BAO 2.6m 0.0190 5634 79.35 -20.12 HII    

08379+6753 16.0 BAO 2.6m 0.0363 10687 150.52 -19.89 HII    

08410+6124 16.3 SDSS 0.0769 22189 312.52 -21.18 HII 

08567+6325 15.7 SDSS 0.0386 11347 159.81 -20.31 HII/Sy2 

09002+8106  16.6 SAO 6m 0.0494 14454 203.58 -19.94 HII 

09020+6751a 16.7 BAO 2.6m 0.0505 14754 207.80 -19.89 LINER  

09020+6751b 16.1 BAO 2.6m 0.0564 16435 231.48 -20.74 Em     

09037+6937 16.8 OHP 1.93m 0.0125 3738 52.65 -16.81 HII    

09056+6538 16.3 BAO 2.6m 0.0652 18910 266.33 -20.88 Composite 

09056+6538 16.3 SDSS 0.0649 18829 265.20 -20.80 HII 

09062+8134a 16.8 SAO 6m 0.0495 14483 203.98 -19.75 LINER: 

09062+8134b 17.9 SAO 6m 0.0491 14369 202.38 -18.63 HII 

09103+8326  17.1 SAO 6m 0.0497 14540 204.79 -19.46 HII 

09162+6539 15.5 OHP 1.93m 0.0379 11160 157.19 -20.48 HII    

09162+6539 14.6 SDSS 0.0379 11143 156.94 -21.35 HII 

09173+6231 15.6 SDSS 0.0473 13859 195.20 -20.90 HII 

09176+6544 15.2 SDSS 0.0190 5640 79.44 -19.26 HII 

09180+6532 16.0 OHP 1.93m 0.0382 11230 158.17 -20.00 HII    

09229+7731 15.0 BAO 2.6m 0.0092 2741 38.61 -17.93 HII    

09233+7825 14.7 OHP 1.93m 0.0747 21586 304.03 -22.71 Em     

09244+7405 17.2 OHP 1.93m 0.1586 43847 617.57 -21.75 Sy2    

09273+6232 16.3 SDSS 0.0420 12350 173.94 -19.89 AGN: 
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09305+6813 15.7 OHP 1.93m 0.0710 20548 289.41 -21.61 Sy2:   

09343+6450 15.8 SDSS 0.0710 20542 289.33 -21.53 Sy2: 

09363+6655 15.9 SDSS 0.0596 17355 244.43 -21.04 HII 

09386+6240 15.6 SDSS 0.0397 11661 164.24 -20.48 Em 

09406+6840 16.3 OHP 1.93m 0.0119 3561 50.15 -17.20 HII    

09406+6840 15.6 SDSS 0.0118 3506 49.38 -17.89 HII 

09418+8124  16.0 SAO 6m 0.0398 11703 164.82 -20.09 Abs    

09427+7528  17.6 BAO 2.6m 0.1099 31168 438.99 -20.61 HII 

09477+7050a 18.5 SAO 6m 0.1268 35645 502.05 -20.00 Norm.  

09477+7050b 18.0 SAO 6m 0.1270 35698 502.79 -20.51 HII 

09477+7050c 17.5 SAO 6m 0.1277 35881 505.37 -21.02 HII 

09571+8435  16.5 SAO 6m 0.0924 26444 372.46 -21.36 HII 

10045+7502b  16.0 BAO 2.6m 0.0481 14083 198.36 -20.49 LINER 

10172+7548 16.2 OHP 1.93m 0.0592 17235 242.75 -20.73 HII    

10210+7528 15.5 OHP 1.93m 0.0279 8245 116.12 -19.82 HII    

10228+6227 17.2 SDSS 0.1163 32871 462.97 -21.17 HII 

10252+7013 16.0 OHP 1.93m 0.1180 33319 469.28 -22.36 HII    

10270+7302 12.5 OHP 1.93m 0.0224 6654 93.71 -22.36 HII    

10272+6953 14.5 OHP 1.93m 0.0387 11391 160.44 -21.53 Composite 

10276+7443 17.3 OHP 1.93m 0.0576 16769 236.18 -19.57 AGN    

10298+6119 15.2 SDSS 0.0293 8666 122.06 -20.22 HII 

10331+6338 15.9 SDSS 0.0381 11202 157.77 -20.04 HII 

10361+7952a  15.9 BAO 2.6m 0.0388 11414 160.77 -20.16 HII 

10361+7952b  15.5 BAO 2.6m 0.0394 11587 163.20 -20.56 HII/Comp: 

10383+7637 16.2 OHP 1.93m 0.0315 9293 130.88 -19.38 AGN    

10486+6558 16.7 SDSS 0.0338 9960 140.28 -18.99 HII 

10527+7136 16.4 BAO 2.6m 0.1011 28790 405.50 -21.68 Composite 

10529+7144 14.0 OHP 1.93m 0.0619 17996 253.47 -23.02 HII    

10541+6614 17.3 SDSS 0.1306 36641 516.08 -21.22 Em 

10589+6515 16.1 SDSS 0.0775 22362 314.95 -21.40 Sy2 

11008+7915a 16.7 OHP 1.93m 0.0620 18013 253.71 -20.32 HII    

11008+7915b 16.5 OHP 1.93m 0.0620 18013 253.71 -20.52 HII    

11053+7037 14.0 OHP 1.93m 0.0412 12097 170.38 -22.16 HII    

11059+7117 17.9 OHP 1.93m 0.1388 38761 545.94 -20.79 Composite 

11067+7024a 15.5 BAO 2.6m 0.0389 11443 161.17 -20.54 HII/Comp: 

11067+7024b 16.0 BAO 2.6m 0.0389 11443 161.17 -20.04 HII 

11069+7438 16.2 OHP 1.93m 0.0395 11602 163.40 -19.87 HII    

11085+7712a 15.6 OHP 1.93m 0.1003 28574 402.46 -22.42 Composite 

11085+7712b 18.0 OHP 1.93m 0.0996 28404 400.06 -20.01 AGN    

11161+6629 15.5 SDSS 0.0431 12663 178.36 -20.78 HII 

11201+6305 16.9 SDSS 0.1905 51799 729.56 -22.41 Em 

11201+6305 15.7 SDSS 0.0111 3311 46.63 -17.66 HII 

11371+8106 16.7 BAO 2.6m 0.0445 13053 183.85 -19.60 HII    

11401+6642 15.4 SDSS 0.0554 16169 227.73 -21.36 HII 

11436+7438 14.8 OHP 1.93m 0.0560 16333 230.04 -22.01 Composite 

11462+6424 15.3 SDSS 0.0414 12169 171.39 -20.87 HII 



 

36 

 

11472+6647 15.3 SDSS 0.0402 11809 166.33 -20.78 Sy2 

11497+6139 16.0 SDSS 0.0427 12530 176.48 -20.21 HII 

11587+6124 17.4 SDSS 0.1638 45166 636.15 -21.66 HII 

12008+6141 15.6 SDSS 0.0644 18689 263.23 -21.48 HII/LINER 

12040+8158 17.7 BAO 2.6m 0.0903 25858 364.19 -20.14 HII    

12069+6753 17.1 SDSS 0.0585 17026 239.81 -19.83 HII 

12077+8131 16.5 BAO 2.6m 0.0397 11671 164.38 -19.56 HII    

12119+6117 17.3 SDSS 0.1630 44948 633.07 -21.72 Em 

12120+6838 15.5 SDSS 0.0602 17512 246.64 -21.48 HII 

12120+6838 15.5 SDSS 0.0606 17643 248.50 -21.44 Sy1.9 

12120+6838a 15.8 BAO 2.6m 0.0581 16924 238.37 -21.09 HII 

12120+6838b  16.2 BAO 2.6m 0.0604 17574 247.52 -20.77 HII 

12120+6838c 15.6 BAO 2.6m 0.0597 17376 244.74 -21.34 Composite 

12138+7537a  16.9 BAO 2.6m 0.0497 14540 204.79 -19.67 HII 

12138+7537b  15.5 BAO 2.6m 0.0468 13712 193.12 -20.93 Em 

12138+7537c  16.5 BAO 2.6m 0.0525 15337 216.02 -20.17 LINER 

12147+6306 13.9 SAO 6m 0.0505 14768 208.00 -22.69 Norm. 

12147+6306 15.4 SDSS 0.0501 14656 206.42 -21.14 HII 

12164+6437 15.0 SDSS 0.0308 9104 128.22 -20.57 HII 

12207+6329 15.0 SDSS 0.0589 17154 241.61 -21.87 HII 

12226+6630 17.4 SDSS 0.0865 24819 349.56 -20.37 Em 

12226+6630 16.4 SDSS 0.0899 25762 362.84 -21.45 HII 

12235+6253 16.6 SDSS 0.0672 19479 274.35 -20.60 AGN 

12267+6540 16.4 SDSS 0.0504 14728 207.44 -20.15 HII 

12312+6939 15.4 OHP 1.93m 0.0692 20035 282.18 -21.85 HII    

12395+6238 14.2 SAO 6m 0.0342 10085 142.04 -21.56 Composite 

12395+6238 15.7 SDSS 0.0338 9959 140.26 -20.08 HII 

12470+6705 17.4 SDSS 0.1295 36345 511.91 -21.14 HII 

12477+7936a 14.7 OHP 1.93m 0.0338 9972 140.45 -21.04 HII    

12483+7332 14.9 OHP 1.93m 0.0314 9269 130.55 -20.68 HII    

12502+7625 16.5 OHP 1.93m 0.0634 18424 259.49 -20.57 HII    

13014+6146 14.0 SAO 6m 0.0272 8049 113.37 -21.27 Norm. 

13014+6146 15.3 SDSS 0.0269 7968 112.23 -19.93 HII 

13030+6102 15.4 SAO 6m 0.0698 20211 284.66 -21.87 HII 

13045+7016a 16.2 OHP 1.93m 0.0646 18752 264.12 -20.91 Em     

13045+7016b 16.4 OHP 1.93m 0.0645 18736 263.88 -20.71 HII    

13121+6646 16.0 SDSS 0.0677 19627 276.43 -21.20 HII 

13209+6353 17.5 SDSS 0.1997 54016 760.79 -21.91 Sy2 

13234+6239 16.0 SDSS 0.0418 12272 172.84 -20.17 HII 

13286+7258 14.0 OHP 1.93m 0.0305 8996 126.70 -21.51 AGN    

13291+6524 17.3 SDSS 0.0365 10738 151.24 -18.62 LINER: 

13300+6652 17.4 SDSS 0.1044 29694 418.23 -20.71 AGN 

13300+7219 15.2 OHP 1.93m 0.0360 10594 149.21 -20.67 Composite 

13367+6703 17.2 SDSS 0.0933 26680 375.78 -20.68 HII 

13386+6557 16.2 SDSS 0.0480 14047 197.85 -20.26 HII 

13410+7837 16.0 BAO 2.6m 0.0580 16905 238.09 -20.93 Composite 
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13503+6104 16.6 SDSS 0.0880 25230 355.36 -21.11 HII 

13513+6616 15.9 SDSS 0.0702 20331 286.35 -21.38 HII 

13524+6213 16.5 SDSS 0.0729 21076 296.84 -20.86 HII 

13524+6213 16.8 SDSS 0.0730 21111 297.33 -20.53 HII 

14004+7445a 15.9 BAO 2.6m 0.0670 19422 273.56 -21.28 HII    

14004+7445b 16.5 BAO 2.6m 0.0673 19523 274.98 -20.67 Composite 

14013+6520 16.0 SDSS 0.0345 10173 143.29 -19.74 HII 

14129+6111 17.8 SDSS 0.1514 42024 591.89 -21.11 HII 

14132+6552 15.4 SDSS 0.0325 9585 135.00 -20.22 HII 

14190+6432 17.2 SDSS 0.1525 42288 595.61 -21.70 LINER 

14196+7734 16.6 BAO 2.6m 0.0469 13732 193.41 -19.87 AGN    

14230+6158 16.4 SDSS 0.1112 31523 443.98 -21.80 Sy2 

14244+6435 17.8 SDSS 0.1130 31992 450.59 -20.49 HII/Sy1.9 

14263+6116 15.7 SDSS 0.0618 17967 253.05 -21.28 HII 

14271+6437 17.7 SDSS 0.1411 39375 554.58 -20.98 HII 

14360+6129 14.5 SAO 6m 0.0521 15223 214.41 -22.16 HII 

14370+6254 16.6 SDSS 0.1154 32622 459.47 -21.75 HII 

14386+6113 16.0 SDSS 0.0934 26721 376.35 -21.88 HII 

14418+6131A 15.0 SDSS 0.0480 14044 197.80 -21.53 HII/LINER 

14418+6131A 15.7 SDSS 0.0492 14410 202.95 -20.88 HII/LINER 

14418+6131A 17.5 SDSS 0.0477 13958 196.59 -18.93 Em 

14418+6131A 17.1 SDSS 0.0494 14458 203.63 -19.49 HII 

14436+6258 14.9 SDSS 0.0375 11036 155.44 -21.07 HII 

14445+7003 17.0 BAO 2.6m 0.0518 15138 213.21 -19.65 Em     

14458+7926  16.5 BAO 2.6m 0.0316 9330 131.41 -19.09 Sy2:/Comp 

14464+6119 16.9 SDSS 0.1364 38151 537.34 -21.76 Sy1.2 

14501+6212 14.9 SAO 6m 0.0429 12594 177.38 -21.34 Abs    

14501+6212 15.0 SDSS 0.0431 12666 178.39 -21.23 HII 

14561+6312 14.7 SAO 6m 0.0432 12680 178.60 -21.56 Norm. 

14561+6312 15.2 SDSS 0.0426 12510 176.20 -21.08 Sy2 

14570+6339 16.2 SAO 6m 0.0475 13912 195.94 -20.26 LINER 

14574+7641a  16.5 BAO 2.6m 0.0446 13082 184.25 -19.83 HII 

15356+6119a 16.4 SAO 6m 0.0886 25407 357.84 -21.37 HII 

15356+6119b 14.4 SAO 6m 0.0882 25297 356.30 -23.36 HII 

15374+6822 15.7 BAO 2.6m 0.0578 16851 237.34 -21.17 HII    

15427+6141  17.6 SAO 6m 0.0573 16698 235.19 -19.26 Norm.  

15449+6459  15.3 SAO 6m 0.0373 10981 154.67 -20.65 Norm.  

16030+6312a 16.8 SAO 6m 0.0548 15990 225.21 -19.96 Norm.  

16030+6312b 15.9 SAO 6m 0.0569 16585 233.59 -20.94 HII 

16044+6727 16.1 BAO 2.6m 0.0233 6906 97.26 -18.85 HII    

16049+8802 16.8 BAO 2.6m 0.0541 15803 222.58 -19.95 Sy2    

16101+6345  16.5 SAO 6m 0.0563 16415 231.20 -20.32 HII 

16118+6231 13.3 SAO 6m 0.0321 9476 133.46 -22.33 Composite 

16119+8551 17.1 BAO 2.6m 0.0847 24335 342.74 -20.54 HII    

16358+6709a 15.0 BAO 2.6m 0.0534 15593 219.62 -21.69 Em     

16358+6709b 15.0 BAO 2.6m 0.0537 15687 220.94 -21.70 HII    
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16365+6403a 15.7 SAO 6m 0.0628 18250 257.04 -21.35 HII 

16365+6403b 17.5 SAO 6m 0.0628 18250 257.04 -19.55 HII 

16365+6403c 12.6 SAO 6m 0.0632 18362 258.62 -24.46 HII 

16452+6418a 16.3 SAO 6m 0.0697 20183 284.27 -20.97 Sy2    

16452+6418b 16.6 SAO 6m 0.0684 19820 279.15 -20.63 HII 

16452+6418c 14.2 SAO 6m 0.0685 19848 279.55 -23.03 HII 

16452+6418d 17.1 SAO 6m 0.0697 20183 284.27 -20.17 HII 

16533+6216 16.1 SDSS 0.1059 30089 423.79 -22.03 HII 

16588+6357 15.6 SDSS 0.0604 17568 247.43 -21.40 Em 

17008+6444 15.0 SDSS 0.0273 8076 113.75 -20.26 HII 

17008+6444  12.6 SAO 6m 0.0278 8224 115.83 -22.72 HII 

17017+6416 15.2 SDSS 0.0843 24238 341.38 -22.43 HII 

17017+6416  14.1 SAO 6m 0.0848 24365 343.17 -23.58 HII 

17037+6207 17.2 SDSS 0.1558 43138 607.58 -21.73 Em 

17037+6207 15.8 SDSS 0.0823 23669 333.37 -21.86 HII 

17046+6255 20.6 SDSS 0.0874 25086 353.33 -17.17 HII 

17046+6255 16.4 SDSS 0.0883 25318 356.58 -21.39 HII 

17062+7544 16.1 BAO 2.6m 0.0654 18974 267.24 -21.02 Em     

17089+6558 17.3 SDSS 0.0278 8238 116.03 -18.04 HII/LINER 

17089+6558a 17.6 BAO 2.6m 0.0279 8256 116.28 -17.73 HII    

17089+6558b 15.6 BAO 2.6m 0.0282 8335 117.39 -19.75 HII    

17102+6442 16.1 SDSS 0.0789 22735 320.21 -21.42 HII 

17102+6442  14.4 SAO 6m 0.0789 22739 320.27 -23.13 HII 

17173+6119 15.7 SDSS 0.0717 20732 292.00 -21.67 HII 

17173+6119  14.7 SAO 6m 0.0735 21242 299.18 -22.68 Composite 

17190+6219 16.7 SDSS 0.0803 23117 325.59 -20.84 AGN 

17190+6219  17.0 SAO 6m 0.0808 23264 327.66 -20.58 Norm.  

17207+6307 15.4 SDSS 0.0338 9973 140.46 -20.30 HII 

17207+6307  15.3 SAO 6m 0.0336 9911 139.59 -20.42 HII 

17330+7619 17.2 BAO 2.6m 0.0769 22185 312.47 -20.26 HII    

17349+6139a 16.2 SAO 6m 0.0858 24639 347.03 -21.50 HII 

17349+6139b 18.8 SAO 6m 0.0862 24749 348.58 -18.91 Norm.  

17442+6130  14.0 SAO 6m 0.0365 10750 151.41 -21.90 Norm.  

17469+6416  14.6 SAO 6m 0.0355 10461 147.34 -21.24 HII 

17552+6209  16.4 SAO 6m 0.0836 24035 338.52 -21.25 Sy2    

17591+8628 15.2 BAO 2.6m 0.0233 6917 97.43 -19.72 HII    

18116+6328  13.9 SAO 6m 0.0481 14083 198.36 -22.59 Norm.  

18169+6433c 12.4 SAO 6m 0.0208 6175 86.97 -22.30 HII 

18169+6433d 15.1 SAO 6m 0.0209 6204 87.39 -19.61 HII 

18192+8650 16.3 BAO 2.6m 0.0655 19002 267.64 -20.88 HII    

18247+6102  15.7 SAO 6m 0.0732 21158 298.00 -21.67 LINER  

18252+6315  15.9 SAO 6m 0.0838 24090 339.30 -21.75 HII 

18380+8640b 16.1 BAO 2.6m 0.0778 22435 315.98 -21.43 HII    

18380+8640c 16.0 BAO 2.6m 0.0779 22451 316.21 -21.46 HII    

20537+8737 14.8 BAO 2.6m 0.0195 5784 81.47 -19.77 Em     
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2.5. Spectral Activity Classification 

The central scientific use of the BIG spectra is the classification of the activity present in the 

optical counterpart. The revised dataset retains the classification terminology of the original 

study: HII, AGN, Seyfert (Sy), LINER, Composite, Em, Norm, Abs, and Unknown, together with 

mixed classes such as HII/LINER and HII/Sy. A colon (:) appended to a classification in Table 2.3 

denotes an uncertain classification. 

HII objects are interpreted as galaxies whose spectra are characteristic of ionized regions 

associated with star formation. AGN and Seyfert classifications indicate spectroscopic evidence 

for nuclear activity, while LINER denotes a population characterised by relatively strong low-

ionization emission. Composite and mixed classes are retained because a single infrared-selected 

object can show contributions from more than one excitation mechanism. 

The classification therefore serves two complementary purposes. At the level of an individual 

source, it provides a physical interpretation of the optical spectrum. At the sample level, it enables 

comparison between the frequency of star-forming and nuclear-activity signatures. This 

distinction becomes particularly important in Chapter 4, where the activity mixture of the high-

luminosity sample differs substantially from that of the broader BIG population. 

2.6. Activity Distribution of the BIG Sample 

The activity distribution of the revised 257-record BIG dataset is summarized in Table 2.4. HII is 

the dominant category, comprising 149 objects (58.0%). The categories AGN, Seyfert, and LINER 

contain 13, 17, and 12 records, respectively, giving 42 records across these three nuclear-activity 

labels. The Composite category contains 22 records; when the four HII/LINER and two HII/Sy 

records are also included, 28 records have composite or mixed classifications. The remaining 

categories comprise 21 Em, 13 Norm, 3 Abs, and 1 Unknown record. 

The numerical distribution illustrates why the BIG sample is useful for comparative studies. Star-

forming systems dominate, but no single physical interpretation describes the entire infrared-

selected population. The sample includes a substantial number of objects with nuclear activity, 

together with systems whose spectra are composite or difficult to classify at the available quality. 

This diversity is an observational manifestation of the broader scientific problem addressed 
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throughout this Thesis: strong infrared emission can be associated with different energetic 

processes. 

Table 2.4. Distribution of the 257 BIG objects by activity type in the revised summary. 

Activity type Number Percentage 

HII 149 58.0 

AGN 13 5.1 

Sy 2 17 6.6 

LINER 12 4.6 

Composite 22 8.6 

HII / LINER 4 1.5 

HII / Sy 2 2 0.8 

Norm 13 5.1 

Em 21 8.2 

Abs 3 1.1 

Unknown 1 0.4 

Total 257 100.0 

 

It is important not to interpret the relative percentages as intrinsic population fractions for all 

IRAS galaxies. The BIG sample is the result of an optical identification and spectroscopic follow-

up programme, and the availability and quality of spectra vary among objects. Objects that are 

easy to identify optically and objects for which useful spectral features are visible are more likely 

to enter a classified spectroscopic sample. The percentages are therefore descriptive properties of 

the revised BIG dataset rather than a volume-complete luminosity function. 

2.7. Star-Forming and HII Galaxies 

The dominance of HII-type objects is a major result of the BIG study. Of the 257 objects, 149 are 

classified as HII, corresponding to 58.0% of the sample. In an infrared-selected population this 

large fraction is physically significant because the infrared emission of dusty galaxies is closely 

related to the reprocessing of stellar radiation by interstellar dust. Optical HII-region spectra 
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provide an independent line of evidence that vigorous stellar activity is present in a substantial 

part of the sample. 

The BIG sample therefore supplies a useful empirical connection between infrared selection and 

optical spectroscopic evidence for star formation. The infrared measurement identifies an 

energetically interesting source, while the spectrum helps determine whether the associated 

optical galaxy has the characteristic emission-line properties of a star-forming system. This 

complementary interpretation is one of the main reasons the spectroscopic follow-up was 

undertaken. 

The large HII population also provides the reference against which the AGN and composite 

populations can be compared. This becomes particularly important for the high-luminosity 

sample in Chapter 4, where the fraction of broad-line and other active systems is substantially 

more prominent than in the broader BIG sample. 

2.8. AGN, Seyfert Galaxies, and LINERs 

The BIG dataset contains several forms of nuclear activity. The detailed classification table lists 

13 AGN, 17 Seyfert galaxies (Sy 2 subtype), and 12 LINERs, together with mixed categories that 

include HII/LINER and HII/Seyfert spectra. The presence of these objects shows that IRAS 

selection is not restricted to star-forming galaxies and that nuclear activity can occur in a 

substantial subset of the infrared-selected population. 

The distinction among these categories is based on spectral properties rather than infrared 

luminosity alone. In particular, emission-line characteristics provide evidence that the energetic 

source may be associated with an active nucleus. The mixed classes are useful because they show 

that the excitation mechanism cannot always be represented by a single category. A galaxy can 

simultaneously contain star-forming regions and a nucleus that contributes a different spectral 

signature. 

This point is relevant to the broader starburst–AGN problem. Infrared luminosity can indicate 

that a large amount of energy is being processed by dust, but it does not by itself determine how 

much of the luminosity should be attributed to young stars and how much to an active nucleus. 
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Optical spectroscopy provides one of the principal empirical tools for separating these 

possibilities. 

2.9. Composite and Uncertain Spectral Classes 

Twenty-two objects in the detailed distribution are assigned to the Composite category, while 

four are HII/LINER and two are HII/Sy systems. Such objects are especially important because 

they demonstrate that the spectral activity of infrared galaxies may occupy an intermediate or 

mixed regime. Their existence argues against interpreting the infrared galaxy population through 

a simple binary division into star-forming and AGN systems. 

The Em category contains 21 objects. These objects show emission features, but the available 

spectrum does not allow a more precise activity class to be assigned. Three objects are classified 

as absorption galaxies and 13 as Norm, for which the star-formation rate does not exceed the 

normal level represented in the adopted classification scheme. One object remains Unknown. 

These categories should be considered part of the information content of the dataset rather than 

discarded failures. An uncertain or incomplete classification identifies a limitation of the 

observational data and can also define a target list for future observations. The methodology is 

therefore naturally hierarchical: a source can first be confirmed as extragalactic, then assigned to 

a broad spectral group, and only later, with improved spectroscopy, moved into a more precise 

activity category. 

2.10. Redshift, Distance, and Absolute-Magnitude Distributions 

The revised BIG sample covers the redshift interval 0.0092 ≤ z ≤ 0.1997. The corresponding 

absolute magnitudes span the range −24.46 ≤ M ≤ −16.81. Using the adopted H0 = 71 km s−1 Mpc−1, 

the tabulated distances extend from 38.61 Mpc to 760.79 Mpc. The range is therefore sufficiently 

broad to include both nearby systems and objects at several hundred megaparsecs. 

The redshift distribution shown in Figure 2.1 should be interpreted in the context of the optical 

spectroscopic selection. The sample is not uniform in distance because the ability to obtain or 

identify a useful optical spectrum depends on apparent brightness, source structure, and the 
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availability of observations. The upper-redshift tail is therefore represented by objects that are 

sufficiently observable for inclusion in the spectroscopic compilation. 

 

Figure 2.1. Redshift distribution of the revised 257-object BIG sample. 

 

 

Figure 2.2. Absolute magnitude distribution of the revised 257-object BIG sample. 
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The same consideration applies to absolute magnitude. The observed range includes relatively 

faint galaxies as well as optically luminous systems. The distribution is consequently a joint result 

of the intrinsic population and the observational selection that produced the BIG spectroscopic 

dataset. 

Figure 2.3 shows the M–z diagram, which makes the sample-selection pattern visually explicit. 

At larger redshifts, the sample is increasingly dominated by objects that are optically luminous 

enough to remain observable; at smaller redshifts, less luminous systems can also enter the 

sample. This effect should be considered when comparing activity types or apparent population 

fractions across distance ranges. 

 

Figure 2.3. Absolute magnitude versus redshift for the revised 257-object BIG sample. 

2.11. Pairs and Multiple Systems 

The BIG sample includes a significant number of pairs and multiple optical systems associated 

with individual IRAS sources. In Table 2.3, suffixes such as “a”, “b”, and “c” identify components 

of the same or related systems. The existence of several optical counterparts within the positional 
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region of one infrared source creates an identification problem: the measured infrared emission 

must be associated with either one member, several members, or the interacting system as a 

whole [2]. 

Spectroscopy provides an important way to examine the physical relationship between 

components. Objects with similar emission-line redshifts can be considered candidate physically 

associated members, while different redshifts may indicate a chance projection. The individual 

spectra can also reveal whether the members have similar or different activity types. The BIG 

catalogue contains examples in which different components of a system are classified as HII, 

AGN, LINER, or composite. 

These systems are scientifically valuable because they connect the identification problem to the 

physical problem of galaxy interactions. Interactions can redistribute gas, compress star-forming 

regions, and potentially influence nuclear activity. Binary and multiple systems provide an 

opportunity to establish physical connections between galaxies, determine more accurately the 

origin of the infrared emission, and investigate the relationship between star formation, galaxy 

interactions, and nuclear activity. 

This topic provides a direct bridge to Chapters 3 and 4. The larger IRAS sample is designed to 

improve counterpart identification across the catalogue as a whole, while the high-luminosity 

sample emphasises the frequent occurrence of interactions and mergers among very luminous 

systems. The BIG sample therefore supplies an early, object-by-object demonstration of a problem 

that becomes increasingly important at higher infrared luminosity. 

2.12. Methodological Limitations and Interpretation 

Several limitations should be kept explicit when using the BIG sample for statistical 

interpretation. First, the sample combines spectra obtained from four different sources and is 

therefore not a uniform instrumental survey. Second, the spectral classification depends on the 

quality and wavelength coverage of the available data. Third, uncertain categories are explicitly 

present in the source table, indicating that not every object could be assigned a precise activity 

type. 
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The sample also contains repeated observations or multiple representations of some systems. For 

example, the source table includes entries with the same IRAS identifier associated with different 

spectra or different components. These entries are scientifically useful but require care when the 

sample is used for counting independent infrared sources rather than spectra or optical 

components. 

2.13. Discussion 

The BIG spectroscopic programme demonstrates the value of combining infrared selection with 

targeted optical follow-up. The infrared catalogue identifies an energetic population, but 

spectroscopy provides the information required to establish redshifts and investigate the physical 

processes producing the observed activity. The resulting sample is diverse, with HII galaxies 

dominating but AGN, Seyfert, LINER, composite, emission-line, normal, and absorption systems 

all represented. 

The dominance of HII systems establishes star formation as a major contributor to the infrared 

emission in the BIG sample. At the same time, the presence of nuclear-activity classes 

demonstrates that a non-negligible fraction of infrared galaxies must be examined as possible 

AGN hosts or mixed systems. The coexistence of HII and nuclear signatures in composite or 

mixed classes provides a particularly direct observational motivation for the starburst–AGN 

connection investigated elsewhere in the Thesis. 

The BIG study also illustrates why accurate source association is fundamental. An infrared beam 

can encompass several optical objects, and the physical interpretation of the infrared luminosity 

can therefore depend on whether one galaxy or a group is responsible for the emission. This 

observational issue is carried forward in Chapter 3 through improved catalogue cross-correlation 

and in Chapter 4 through the study of high-luminosity systems, where interacting and merging 

structures are of particular interest. 

Finally, the BIG programme provides the methodological bridge to the broader data-

infrastructure discussion of Chapter 5. Historical FBS and DFBS observations, dedicated 

spectroscopy from BAO, SAO and OHP, and modern SDSS data all contribute to the final object-
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level classification. The programme consequently illustrates in practical terms how astronomical 

research develops from heterogeneous observations into a structured scientific sample. 

2.14. Connection with the Following Chapters 

The progression of the Thesis can be understood as an enlargement of scale. Chapter 2 begins 

with a relatively targeted sample in which optical counterparts are studied spectroscopically and 

classified individually. Chapter 3 extends the same scientific question—what are the optical 

counterparts of IRAS sources?—to the 345,163-source IRAS PSC/FSC Combined Catalogue. 

Chapter 4 then selects a physically extreme subset from the larger population using infrared 

luminosity and optical spectroscopic criteria. Chapter 5 describes the archival and computational 

infrastructure that can support still larger and more systematic applications. 

The BIG sample is therefore not an isolated chapter. It supplies the observational foundation for 

the activity classifications used later, demonstrates the identification difficulties that motivate the 

cross-correlation work, and provides examples of interacting systems that motivate the 

morphological and luminosity studies of the high-luminosity population. In this sense, the BIG 

programme forms the observational link between individual galaxy studies and large-sample 

infrared astronomy. 

2.15. Summary 

The revised BIG dataset contains 257 spectra assembled from the BAO 2.6-m telescope, SAO 6-

m telescope, OHP 1.93-m telescope, and SDSS. The combined observations provide emission-line 

redshifts, radial velocities, distances, absolute magnitudes, and spectral activity classifications for 

the studied infrared galaxies. 

The sample spans 0.0092 ≤ z ≤ 0.1997 and −24.46 ≤ M ≤ −16.81, with distances from 38.61 to 

760.79 Mpc under the H0 = 71 km s−1 Mpc−1 convention adopted by the source table. HII galaxies 

dominate the activity distribution, while AGN, Seyfert, LINER, composite, emission-line, 

normal, absorption, and uncertain systems provide additional populations. 

Binary and multiple systems are an important component of the BIG programme because they 

connect the practical problem of infrared-source identification with the physical questions of 
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interaction, star formation, and nuclear activity. The spectroscopic results therefore establish the 

object-level observational foundation for the large-sample analysis of Chapter 3 and the high-

luminosity ULIRG/HLIRG study of Chapter 4. 
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3. THE EXTRAGALACTIC SAMPLE OF THE IRAS PSC/FSC 

COMBINED CATALOGUE 

3.1. Introduction 

The spectroscopic study of the BIG sample established a reliable observational basis for 

identifying and classifying infrared galaxies. The next logical step is to extend this work to the 

much larger population represented by the IRAS PSC/FSC Combined Catalogue. The catalogue 

contains 345,163 infrared sources, of which 145,902 sources, or 42.3%, were identified in the 

catalogue as candidate galaxies [6] requiring further investigation through cross-correlation with 

optical and other astronomical catalogues. 

The objective of this chapter is to describe the construction of a broad extragalactic sample from 

the Combined Catalogue. Because no single catalogue provides complete and unambiguous 

identification of all IRAS sources, several independent data sets were combined. These include 

catalogues of previously known galaxies, quasars and blazars, catalogues providing morphological 

information useful for identifying galaxy candidates, radio catalogues, and Gaia astrometric data. 

3.2. The IRAS PSC/FSC Combined Catalogue 

The original IRAS PSC and FSC contain many common sources, but associating the entries from 

the two catalogues is complicated by their different positional uncertainties. A dedicated 

catalogue cross-matching procedure was developed in the framework of the Armenian Virtual 

Observatory. Rather than applying one fixed matching radius, the procedure used a search radius 

corresponding to three standard deviations of the positional errors for each individual source [37]. 

This resulted in 73,770 PSC/FSC associations and led to the construction of the Combined 

Catalogue with 345,163 sources [6]. Subsequent cross-correlations with AKARI-IRC, AKARI-FIS 

and WISE further improved the positional information and extended the available infrared 

photometry. 

The resulting catalogue provides a homogeneous starting point for large-scale extragalactic 

studies. The availability of improved positions is particularly important because the original IRAS 

beam sizes are substantially larger than those of modern optical surveys. Accurate positions 



 

50 

 

reduce the probability of assigning an infrared source to an unrelated optical object and are 

therefore essential for reliable sample construction. 

3.3. Methodological Design of the Extragalactic-Sample Construction 

The construction of a reliable extragalactic sample from an infrared survey is fundamentally an 

association problem. An IRAS detection provides infrared flux information and an approximate 

sky position, but the infrared measurement by itself does not uniquely specify the physical nature 

of the source. A robust sample therefore requires independent evidence from catalogues with 

different observational properties. In the present programme, the strategy proceeds 

hierarchically: previously known extragalactic objects are identified first; sources with optical 

properties characteristic of galaxies are then added as candidates; radio information is used as an 

additional extragalactic indicator; and Gaia astrometry is used to identify and remove stellar 

contaminants. 

The methodology has two important characteristics. First, it uses heterogeneous evidence rather 

than relying on a single catalogue. Second, it separates an association from a final scientific 

classification. A match in a catalogue indicates a possible counterpart, whereas the final 

classification depends on the consistency of several observations. This distinction is essential for 

large infrared samples because catalogue overlap, positional uncertainty, and source confusion 

can produce apparently plausible but incorrect associations. 

Table 3.1. Hierarchical stages used in the construction of the IRAS extragalactic sample. 

Stage Primary resource Purpose 

1 Known galaxies, QSOs, blazars Identify known galaxies, QSOs, blazars 

2 SDSS / HYPERLEDA / APM-North / Gaia Part 2 Identify galaxy candidates 

3 NVSS / FIRST 
Radio as an additional extragalactic 

indicator 

4 Gaia DR3 Main Reject likely stellar contaminants 

5 All evidence combined Final source class and confidence flag 

 

The order in which catalogues are queried is an important component of the method. The 

catalogues of previously known galaxies, quasars, and blazars were placed at the highest priority. 
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These include the catalogue of galaxies and quasars observed in the IRAS survey [46], NGC 2000.0 

[47], the Third Reference Catalogue of Bright Galaxies [48], the catalogue of quasars and active 

nuclei 13th edition [49], the Roma BZCAT [50], LQAC-5 [51], the SDSS DR16 quasar catalogue 

[52], and a QSO selection based on SDSS and WISE [53]. Search radii are selected according to 

the positional accuracy of the corresponding catalogue rather than imposed as one universal 

value. 

The second level uses catalogues that provide information capable of identifying galaxy 

candidates. SDSS supplies morphological information distinguishing extended and point-like 

sources [54,55]; HYPERLEDA provides a dedicated galaxy catalogue [56]; APM-North supplies 

ellipticity information [57]; and Gaia DR3 Part 2 [58] provides a catalogue of extragalactic sources. 

The third level incorporates radio catalogues [59,60], and the final stage uses Gaia DR3 Main 

Source [61] information, particularly proper motions, to distinguish stellar objects. 

This hierarchy prevents a simple arithmetic interpretation of the intermediate match counts. The 

same IRAS source can appear in several catalogues, and therefore the sums of individual cross-

correlation results do not represent the number of unique extragalactic objects. The final 

classification must instead be produced after applying the priority rules and resolving overlapping 

evidence. 

3.4. Choice of Search Radius and Positional Uncertainty 

The choice of search radius is central to the reliability of catalogue association. The IRAS PSC/FSC 

Combined Catalogue was constructed using a procedure in which the positional uncertainty of 

each source was taken into account. For the PSC/FSC association itself, a radius corresponding to 

3-sigma of the source positional errors was used, resulting in 73,770 associations and the 

Combined Catalogue of 345,163 sources. The same principle was applied when the combined 

catalogue was correlated with optical catalogues. Compact catalogues with high positional 

accuracy were queried with smaller radii, whereas catalogues with lower positional precision or 

larger positional uncertainties were queried with larger radii. The source study used 3 arcsec for 

SDSS and several modern catalogues, 10 arcsec for selected older extragalactic catalogues, 2 

arcmin for NGC 2000.0 and RC3, 1 arcmin for HYPERLEDA, 75 arcsec for NVSS, and 15 arcsec 
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for FIRST. This source-dependent approach attempts to balance completeness and reliability. A 

radius that is unnecessarily large for a high-precision catalogue increases the probability of 

chance associations, while a radius that is too small for a lower-precision catalogue can reject 

genuine counterparts. The procedure adopted in the IRAS programme therefore treats positional 

uncertainty as an explicit part of the identification methodology. 

3.5. Identification of Previously Known Galaxies and Active Objects 

The first stage of the extragalactic-sample construction was the cross-correlation of the Combined 

Catalogue with catalogues of already known galaxies, quasars and blazars. The search radius was 

selected individually according to the positional accuracy of the corresponding catalogue, and 

only single matches within the adopted radius were retained as genuine associations at this stage. 

This provides a relatively secure subset for subsequent statistical studies and also provides 

reference populations against which the less certain galaxy-candidate population can be 

evaluated. 

The matched catalogues cover several physically distinct populations. General galaxy catalogues 

supply conventional galaxy identifications, while quasar, active-nucleus and blazar catalogues 

identify sources whose optical or high-energy properties are already suggestive of nuclear 

activity. The inclusion of these classes is particularly relevant to the infrared-galaxy programme 

because the high-luminosity sample studied in Chapter 4 contains a substantial AGN component. 

The resulting associations are therefore more than an inventory of known objects. They establish 

comparison populations that can later be used to investigate differences in infrared luminosity, 

optical colour, radio emission, morphology, and spectral activity. 

Table 3.2. Cross-correlations with catalogues of previously known extragalactic objects 

Catalogue Catalogue size 
Search 

radius 

Single 

associations 

Catalogued Galaxies and Quasars observed in the 

IRAS Survey, Version 2 
11,444 10 arcsec 5,377 

NGC 2000.0 13,226 2 arcmin 4,006 



 

53 

 

Catalogue Catalogue size 
Search 

radius 

Single 

associations 

Third Reference Catalogue of Bright Galaxies 

(RC3) 
23,011 2 arcmin 7,956 

Catalogue of quasars and active nuclei, 13th 

edition 
168,940 10 arcsec 1,271 

Roma BZCAT, 5th edition 3,561 10 arcsec 40 

Large Quasar Astrometric Catalogue,  5th release 

(LQAC-5) 
592,809 3 arcsec 1,364 

SDSS quasar catalogue, DR16Q 750,414 3 arcsec 111 

QSO selection from SDSS and WISE 1,604,577 3 arcsec 180 

 

3.6. Galaxy-Candidate Selection from Optical Morphology 

A large fraction of the IRAS catalogue cannot be identified simply by matching against lists of 

previously known galaxies. The second methodological stage therefore searches for objects whose 

observed properties are consistent with a galaxy even when they are not present in a pre-existing 

extragalactic catalogue. 

SDSS is particularly useful for this purpose because it distinguishes extended objects from point-

like objects. In the reported implementation, extended SDSS sources were treated as galaxy 

candidates. HYPERLEDA was used as a galaxy-catalogue resource, APM-North supplied an 

ellipticity-based criterion, and Gaia DR3 Part 2 supplied an extragalactic source catalogue. The 

approach therefore combines independent indicators rather than relying on a single optical 

catalogue. 

The distinction between a candidate and a confirmed source is retained in the final population 

statistics. This allows the large candidate population to be carried forward for later spectroscopic 

or imaging confirmation rather than treating every morphological match as a secure galaxy 

identification. 
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Table 3.3. Cross-correlations used to identify galaxy candidates 

Catalogue Catalogue size Selection information 
Search 

radius 
Associations 

SDSS DR16 1,231,051,050 
Extended objects treated as 

galaxy candidates 
3 arcsec 46,396 

HYPERLEDA 983,261 
Galaxy catalogue / 

PGC2003 candidates 
1 arcmin 33,309 

APM-North 166,466,987 
Ellipticity > 0.5 used as a 

galaxy-candidate criterion 
3 arcsec 37,232 

Gaia DR3 Part 2, 

Extragalactic 
11,491,504 Extended sources 3 arcsec 21,599 

 

The SDSS cross-correlation produced 46,396 single matches. HYPERLEDA yielded 33,309 

associations, the APM-North catalogue produced 37,232 matches under the stated ellipticity 

criterion, and Gaia DR3 Part 2 provided 21,599 associations with extragalactic sources. These 

numbers are intermediate cross-correlation results and are not to be interpreted as independent 

counts of unique IRAS galaxies, because the same IRAS source may be represented in more than 

one catalogue. 

3.7. Radio Information as an Independent Extragalactic Criterion and Gaia-based 

Stellar Rejection 

Radio detections provide an independent observational property that can support the 

extragalactic interpretation of an IRAS source. The Combined Catalogue was cross-correlated 

with the 1.4 GHz NRAO VLA Sky Survey (NVSS) and the FIRST survey. It reported 42,072 single 

NVSS matches within a 75 arcsec radius and 6,640 single FIRST matches within a 15 arcsec radius. 

Radio information is complementary to optical morphology because it selects sources through a 

different emission process. A radio association can therefore provide independent evidence that 

an infrared source is not a foreground star. In the hierarchy used here, radio information is best 

treated as a supporting criterion rather than a stand-alone physical classifier. 
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The final major identification stage used Gaia DR3 Main Source data. Gaia provides proper 

motions that can be used to recognize stellar objects and remove them from an extragalactic 

sample. A search radius of 3 arcsec was adopted, and 217,385 single matches were obtained. 

Objects with a proper-motion-to-error ratio greater than three were treated as star candidates. 

On this basis, 183,168 IRAS sources were identified as stellar candidates. This criterion illustrates 

an important methodological feature of the project: astrometric information is used not to 

discover galaxies directly, but to eliminate a major source of contamination before the remaining 

sources are interpreted as an extragalactic population. 

The Gaia stage therefore complements the positive identification stages. Establishing that an IRAS 

source is probably Galactic prevents it from entering the extragalactic sample and improves the 

purity of the population that remains. 

3.8. Preliminary Classification of the IRAS Population 

After all correlations are completed, the source study applies a consistency rule. When 

independent datasets indicate the same object type, that type is treated as genuine. When the 

available evidence is ambiguous, the most probable type is retained with a flag. The priority order 

begins with catalogues of previously known extragalactic objects, followed by SDSS DR16, Gaia 

DR3 Part 2, APM-North, HYPERLEDA, NVSS, and FIRST. 

This procedure is best understood as a hierarchical decision system rather than a single matching 

operation. It recognizes that catalogues have different purposes and accuracies and that a source 

may receive several potentially conflicting classifications. The resulting catalogue can therefore 

be progressively refined as new observations and catalogues become available. 

The preliminary cross-correlation results provide a first large-scale classification of the 345,163 

IRAS sources. At the stage reported here, 183,168 objects were identified as star candidates on 

the basis of Gaia proper motions with a proper-motion-to-error ratio greater than 3. A further 

80,998 sources remained unknown because no convincing identification was obtained after the 

available cross-correlations. The sample contained 68,940 galaxy candidates and 12,057 

confirmed or genuine galaxies or QSOs. These values should be treated as preliminary rather than 

as a final immutable catalogue. 
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The 12,057 confirmed or genuine extragalactic objects constitute the most secure subset at this 

stage, whereas the 68,940 galaxy candidates provide a substantially larger population for future 

verification. The 80,998 unknown sources are also scientifically relevant because they may 

include faint galaxies or false detections, including possible cirrus contamination. The unknown 

population should therefore not be interpreted automatically as an additional galaxy population. 

Table 3.4. Preliminary classification of the IRAS PSC/FSC Combined Catalogue 

Object category Number of sources Fraction of full catalogue 

Confirmed galaxies or QSOs 12,057 3.5% 

Galaxy candidates 68,940 20.0% 

Star candidates 183,168 53.1% 

Unknown sources 80,998 23.5% 

Total 345,163 100.0% 

 

The preliminary distribution demonstrates both the scale of the data set and the importance of 

systematic cross-correlation. Most importantly, the work shows that a substantial fraction of the 

Combined Catalogue can already be assigned an extragalactic or stellar nature using existing 

astronomical databases. At the same time, 80,998 sources remained unidentified at the stage of 

the publication, showing that the complete extragalactic sample requires further work. 

3.9. Connection to the ULIRG and HLIRG Sample 

The large extragalactic catalogue developed in this chapter is the natural parent population for 

the high-luminosity study of Chapter 4. The ULIRG/HLIRG work selected a much smaller set of 

objects by combining accurate WISE positions, SDSS spectroscopic information, and infrared 

luminosity calculations. Thus, Chapter 3 prioritizes broad identification and sample construction, 

whereas Chapter 4 prioritizes detailed physical characterization of the most luminous members. 

A luminosity-selected sample can only be interpreted properly when the infrared source has a 

reliable optical counterpart. Conversely, the detailed ULIRG/HLIRG study demonstrates the 
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scientific return that can be obtained once the identification problem has been controlled. The 

two chapters therefore represent complementary stages of the same research programme. 

3.10. Limitations and Sources of Uncertainty 

Several limitations affect the preliminary extragalactic sample. The first is source confusion and 

positional uncertainty in the original IRAS observations. The second is catalogue incompleteness: 

an object absent from one optical catalogue may still be present in another. The third is overlap 

between catalogues, which means that individual association counts cannot simply be added. The 

fourth is the possibility of false or ambiguous infrared detections, especially among the remaining 

unknown sources. 

The hierarchical procedure reduces but does not eliminate these problems. It is therefore 

appropriate to regard the candidate and unknown populations as subject to further refinement. 

This is also why the source study retains flags for ambiguous classifications instead of forcing 

every object into a single secure class. 

These limitations explain the importance of the archival and virtual-observatory methodology 

developed in Chapter 5. Historical spectra and images can provide independent evidence for an 

IRAS source, while a VO framework makes it possible to add new catalogues without 

reconstructing the entire sample from the beginning. 

3.11. Methodological Perspective 

The main methodological achievement of the present work is the transformation of a large 

heterogeneous infrared catalogue into a structured population in which different levels of 

identification confidence can be distinguished. The workflow begins with a homogeneous 

infrared survey, incorporates improved positional information, applies independent optical and 

radio criteria, removes likely stellar contaminants, and retains flags where the available 

information is ambiguous. 

This approach provides a general strategy for constructing reliable multiwavelength samples from 

surveys in which the original measurements have lower angular resolution than modern optical 
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observations. The method is particularly appropriate when the scientific goal is to construct large 

statistically useful samples rather than investigate only a small number of individual sources. 

Within this Thesis, the extragalactic-sample construction is the methodological bridge between 

the detailed BIG spectroscopy of Chapter 2 and the high-luminosity population analysis of 

Chapter 4. The ArVO and BAO archive infrastructure of Chapter 5 then provides a framework 

for extending the same philosophy toward historical and computationally intensive datasets. 

3.12. Discussion 

The principal strength of the extragalactic-sample methodology is the use of independent 

information with different observational sensitivities. Optical morphology identifies extended 

sources, existing catalogues provide previously established object classifications, radio emission 

can support an extragalactic identification, and Gaia proper motions provide an efficient means 

of rejecting stars. The combination reduces the dependence on any one observational criterion. 

The methodology also illustrates an important limitation. Cross-correlation results from 

individual catalogues cannot simply be summed because of overlaps among catalogues. The final 

sample must therefore be constructed through a hierarchy of identifications and consistency 

checks. The source study explicitly retains the most probable classification when ambiguity 

remains, indicating that the resulting catalogue should be considered a progressively refined data 

product rather than an automatically perfect classification. 

3.13. Summary 

The IRAS PSC/FSC Combined Catalogue provides a homogeneous all-sky starting point for the 

construction of a large extragalactic infrared sample. The methodology combines previously 

known extragalactic catalogues, optical morphology and galaxy-candidate information, radio 

surveys, and Gaia astrometry. The use of source-dependent search radii and a hierarchical priority 

scheme is central to the reliability of the process. 

At the reported stage, 12,057 sources were classified as confirmed or genuine galaxies or QSOs, 

68,940 as galaxy candidates, 183,168 as star candidates, and 80,998 as unknown. These 

populations provide the basis for further spectroscopic confirmation, luminosity calculations, IR-
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to-optical studies, morphological analysis, and searches for new ULIRGs and HLIRGs. In this 

sense, the large extragalactic sample represents the bridge between the detailed spectroscopic 

study of BIG objects and the focused analysis of ULIRGs and HLIRGs. 
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4. HIGH-LUMINOSITY INFRARED GALAXIES: ULIRGs AND 

HLIRGs 

4.1. Introduction 

The most luminous infrared galaxies represent an extreme and scientifically important population 

within infrared-selected samples. Their large infrared output allows them to be detected at 

substantial distances and provides a way to identify systems in which substantial amounts of 

energy are being emitted in dust-reprocessed form. The physical origin of this emission may be 

dominated by vigorous star formation, by an active galactic nucleus (AGN), or by a mixture of 

both processes. 

The present chapter develops the high-luminosity component of the IRAS research programme 

described in the preceding chapters. Chapter 3 established the IRAS PSC/FSC Combined 

Catalogue as the parent population and described the cross-correlation procedures used to 

identify extragalactic counterparts. Here, the same catalogue is filtered through additional optical, 

photometric, spectroscopic, and infrared-luminosity requirements to obtain a controlled sample 

of ULIRGs and HLIRGs. 

The two principal papers [22,23] form a continuous research sequence. The first establishes the 

sample-selection procedure and identifies 114 high-luminosity objects. The second performs the 

detailed optical spectral classification of those objects and investigates the distribution of activity 

types, colours, and infrared luminosities. 

4.2. Physical and Scientific Motivation 

Following Sanders and Mirabel (1996), the luminosity ranges adopted in the source studies are 

1011 L < LIR < 1012 L for LIRGs, 1012 L < LIR < 1013 L for ULIRGs, and LIR > 1013 L for HLIRGs 

[5]. These definitions provide a convenient observational framework for separating the most 

luminous part of the infrared-galaxy population. 

The scientific motivation for isolating this population is closely related to the possible connection 

between starburst and nuclear activity. The studies emphasise that high infrared luminosity may 

be associated with intense star formation, while the most luminous systems may contain a 
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substantial AGN contribution [24]. They also emphasise the frequent occurrence of double, 

multiple, interacting, or merging structures among luminous infrared galaxies [36]. 

The resulting sample can therefore be used to investigate several linked observables: infrared 

luminosity, redshift, optical colour, spectral activity, and morphology. The key advantage is that 

these properties are measured or derived for the same selected population. 

4.3. Parent Catalogue and Positional Refinement 

The parent data set is the IRAS PSC/FSC Combined Catalogue [6] containing 345,163 sources. 

The catalogue combines the IRAS Point Source and Faint Source Catalogues and incorporates 

improved positional information from later infrared catalogues, including AKARI and WISE. 

For the high-luminosity search, sources with WISE-based positional information were selected 

because the WISE coordinates provide substantially higher positional accuracy than the original 

IRAS positions. The accuracy is approximately 1 arcsec for WISE and 0.1 arcsec for SDSS. 

Combining the uncertainties in quadrature gives about 1.005 arcsec, and a 3-sigma search radius 

was adopted for matching to SDSS DR14 [18]. 

𝜎 = √𝜎𝑊𝐼𝑆𝐸
2 + 𝜎𝑆𝐷𝑆𝑆

2  

𝜎 = √12 + 0.12 ≈ 1.005 

This positional-refinement step is critical because an IRAS source can be associated with multiple 

optical objects within the relatively large original infrared positional uncertainty. The 

requirement of a unique optical counterpart within the adopted radius reduces this ambiguity 

before spectroscopy and luminosity analysis are performed. 

4.4. Optical Counterpart and Spectroscopic Selection 

The WISE-refined IRAS catalogue was cross-correlated with SDSS DR14. Only objects with 

spectroscopic information and a unique optical counterpart within the adopted 3-sigma radius 

were retained. This procedure produced 6,346 objects with confident optical counterparts. 
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The selection also used the SDSS spectroscopic magnitude limit, r = 17.77 mag. The resulting 

high-luminosity sample should therefore be understood as a spectroscopically accessible subset 

of the IRAS population rather than as a complete census of all ULIRGs and HLIRGs. 

The use of a unique counterpart and an optical spectroscopic limit has an important 

methodological consequence. The sample is well suited to homogeneous comparative analysis 

because all objects have an optical redshift measurement, but optically faint, strongly obscured, 

or otherwise spectroscopically inaccessible infrared galaxies can be missed. 

4.5. Four-Band IRAS Photometry Requirement 

The infrared luminosity estimator requires flux densities in all four IRAS bands, 12, 25, 60, and 

100 μm [21]. Out of the 6,346 objects with unique SDSS spectroscopic counterparts, 6,270 had 

measurements available in all four bands and therefore entered the luminosity calculation. 

Requiring all four flux densities keeps the luminosity estimator homogeneous. Because the 

adopted expression assigns different weights to the four bands, incomplete photometry would 

alter the estimator and make the resulting luminosities less directly comparable. 

The sequence from the full Combined Catalogue to the final luminosity-analysis sample 

demonstrates the progressive tightening of quality criteria used in the study. 

4.6. Infrared and Far-Infrared Luminosities 

Infrared and far-infrared luminosities have been calculated using the relations of Duc et al. (1997) 

[21]. For distance R in Mpc and IRAS flux densities f12, f25, f60, and f100, the adopted relations are: 

𝐿𝑖𝑟 = 5.6 ×  105𝑅2(13.56𝑓12 + 5.26𝑓25 + 2.54𝑓60 + 𝑓100)𝐿⊙ 

𝐿𝑓𝑖𝑟 = 5.6 ×  105𝑅2(2.58𝑓60 + 𝑓100)𝐿⊙ 

The first expression uses all four IRAS bands and was used to determine whether an object crossed 

the ULIRG threshold. The second is dominated by the 60 and 100 μm measurements and provides 

a corresponding far-infrared luminosity. 
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Because luminosity depends on the square of the adopted distance, the redshift measurement 

entering the distance determination directly affects the derived infrared luminosity. The use of 

SDSS spectroscopy provides a homogeneous source of redshifts for the selected objects. 

4.7. Construction of the High-Luminosity Sample 

Among the 6,270 sources with complete four-band IRAS flux information, objects with infrared 

luminosities above 1012 L have been retained, the lower boundary adopted for ULIRGs. The 

SDSS spectroscopic magnitude limit r = 17.77 mag was retained as part of the optical selection. 

The complete selection pathway combines catalogue construction, positional refinement, unique 

optical identification, spectroscopic availability, complete four-band photometry, and an 

infrared-luminosity threshold. Each step removes a distinct source of uncertainty and 

progressively converts a very large infrared source catalogue into a scientifically controlled high-

luminosity sample. 

As a result, 114 extragalactic objects were selected that have high IR luminosity and correspond 

to ULIRG/HLIRG classes. 

Table 4.1. The list of 114 ULIRGs/HLIRGs found from IRAS PSC/FSC Combined Catalogue based on SDSS 

redshifts; Byurakan ULIRGs. 

  IRAS coordinates   IRAS fluxes (Jy) SDSS model magnitudes     

# RA J2000 DEC J2000 
Δ         

(”) 
F12 F25 F60 F100 

u         

(mag) 

g         

(mag) 

r        

(mag) 

i        

(mag) 

z        

(mag) 
z 

LOG 

(Lir/ 

Lsun) 

1 00 20 00.270 +32 08 02.82 0.19 0.29 0.19 0.33 4.76 18.97 17.53 16.70 16.16 15.87 0.110 12.059 

2 00 30 25.608 -09 26 17.39 1.29 1.03 1.61 11.40 47.70 19.93 18.46 17.74 17.31 17.04 0.129 13.157 

3 00 33 21.837 -05 05 44.63 2.42 0.46 5.66 27.60 99.80 19.31 17.12 16.12 15.65 15.27 0.053 12.740 

4 00 44 59.123 +19 21 41.45 0.26 0.14 0.18 0.32 0.82 16.91 16.78 16.65 16.36 16.38 0.179 12.073 

5 01 14 27.481 +27 21 38.98 1.33 1.34 0.76 15.60 115.00 19.33 18.07 17.16 16.55 16.13 0.109 13.277 

6 01 19 56.727 +13 34 31.51 0.29 0.10 0.16 0.31 0.80 19.23 18.00 17.29 16.92 16.68 0.191 12.052 

7 01 27 09.340 +08 40 15.52 2.84 0.57 0.34 2.64 39.00 19.59 17.35 16.34 15.80 15.36 0.045 12.026 

8 01 37 58.267 -08 34 30.44 0.04 0.16 0.18 0.29 0.76 20.43 18.39 17.38 16.77 16.41 0.189 12.128 

9 01 59 50.248 +00 23 40.98 0.12 0.12 0.54 2.22 2.16 15.93 15.70 15.52 15.26 15.30 0.163 12.444 

10 02 04 22.321 -09 37 57.65 0.46 0.15 0.17 0.34 0.76 19.77 18.40 17.63 17.04 16.82 0.192 12.133 

11 02 24 23.087 -02 10 30.55 0.23 0.12 0.16 0.30 0.97 20.82 19.01 17.63 17.06 16.70 0.173 12.015 

12 02 28 40.542 -09 35 05.68 2.02 0.86 0.88 5.87 80.10 17.52 16.58 16.18 15.79 15.63 0.068 12.682 

13 02 44 17.066 -00 30 38.22 0.26 0.11 0.16 0.48 0.83 21.51 19.00 17.65 17.11 16.68 0.200 12.147 

14 03 23 22.858 -07 56 15.21 0.16 0.10 0.13 1.00 1.69 18.95 18.00 17.37 16.93 16.67 0.166 12.166 

15 03 29 02.594 -00 55 39.10 0.39 0.46 0.54 1.78 12.80 17.30 15.83 15.04 14.61 14.33 0.067 12.043 

16 07 37 35.222 +35 36 21.36 0.32 0.12 0.15 1.88 4.45 15.10 13.86 13.11 12.72 12.40 0.819 13.523 

17 08 04 07.412 +39 19 27.69 0.20 0.23 0.13 0.27 0.73 19.73 18.38 17.54 17.05 16.76 0.163 12.064 

18 08 13 31.289 +25 45 03.15 0.08 0.11 0.15 0.28 0.54 16.42 16.00 15.61 15.27 15.23 1.510 13.259 

19 08 24 45.643 +15 39 43.83 0.30 0.13 0.18 0.36 0.80 20.11 18.64 17.69 17.21 16.94 0.220 12.229 
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20 08 31 48.881 +04 29 39.07 0.05 0.17 0.26 0.43 0.77 16.34 15.80 15.35 15.05 14.78 0.174 12.147 

21 08 34 57.652 +48 45 15.63 0.19 0.09 0.09 0.34 2.43 19.19 17.60 16.70 16.21 15.93 0.175 12.101 

22 08 54 48.878 +20 06 30.75 0.11 0.28 0.43 0.89 1.16 16.57 15.93 15.42 15.04 14.71 0.778 13.411 

23 08 55 17.068 +13 05 09.65 0.22 0.11 0.21 0.24 1.63 19.32 18.13 17.40 16.90 16.65 0.157 12.002 

24 08 57 06.358 +19 08 53.69 0.19 0.11 0.12 0.33 0.52 17.25 17.19 16.99 17.12 16.61 0.331 12.440 

25 08 58 41.758 +10 41 22.04 0.16 0.11 0.19 1.12 1.95 18.93 17.49 16.62 16.08 15.81 0.148 12.134 

26 08 59 23.600 +47 36 10.53 0.12 0.09 0.12 0.44 0.88 20.80 18.76 17.60 17.02 16.69 0.180 12.024 

27 09 00 25.376 +39 03 54.38 0.65 0.32 1.70 7.43 4.59 18.72 17.34 16.85 16.50 16.25 0.058 12.069 

28 09 05 54.723 +24 18 29.03 0.32 0.05 0.09 0.36 0.59 19.98 18.61 17.72 17.24 16.87 0.232 12.057 

29 09 14 38.146 +09 33 22.95 0.12 0.11 0.15 0.28 1.19 19.54 18.27 17.26 16.78 16.43 0.246 12.300 

30 09 21 59.400 +45 09 12.61 0.22 0.06 0.13 0.23 0.57 18.58 18.05 17.73 17.46 17.34 0.235 12.054 

31 09 26 08.518 +28 24 02.59 0.15 0.08 0.21 0.25 0.62 19.19 18.24 17.62 17.17 17.00 0.203 12.062 

32 09 58 46.856 +50 54 56.54 0.06 0.05 0.06 0.22 1.37 19.57 18.10 17.25 16.80 16.56 0.214 12.042 

33 10 01 49.527 +28 47 09.01 0.10 0.16 0.26 0.23 0.34 18.54 17.96 16.83 16.63 16.81 0.185 12.100 

34 10 05 32.126 +30 53 18.27 0.14 0.09 0.10 0.20 0.63 18.89 17.81 17.07 16.61 16.35 0.234 12.099 

35 10 05 41.874 +43 32 40.60 0.25 0.13 0.19 0.56 0.87 16.39 16.38 16.38 16.18 16.28 0.179 12.122 

36 10 26 17.480 +30 36 43.24 0.19 0.06 0.16 0.26 0.67 18.75 18.04 17.54 17.40 16.87 0.340 12.380 

37 10 33 43.863 +62 11 06.27 0.56 0.08 0.08 0.20 0.57 19.76 18.49 17.57 17.12 16.84 0.229 12.038 

38 10 33 59.475 +35 55 09.18 0.14 0.09 0.16 0.52 0.79 17.10 16.97 16.66 16.35 16.28 0.169 12.002 

39 10 40 00.549 +48 57 44.44 0.19 0.08 0.11 0.64 0.66 19.16 18.34 17.76 17.27 17.20 0.176 12.013 

40 10 52 23.573 +44 08 47.17 0.73 0.12 0.17 3.53 5.41 19.37 17.59 16.83 16.32 16.04 0.092 12.114 

41 10 53 30.955 +33 13 42.39 0.14 0.11 0.13 0.21 0.54 19.77 18.56 17.63 17.20 16.90 0.244 12.170 

42 10 58 39.325 +38 29 06.77 0.40 0.05 0.09 0.62 0.75 19.78 18.35 17.53 17.10 16.83 0.208 12.086 

43 11 08 32.952 +40 37 31.72 0.07 0.10 0.13 0.68 1.02 19.39 18.07 17.36 16.92 16.66 0.166 12.045 

44 11 12 11.118 +27 32 56.18 0.64 0.07 0.25 0.25 0.83 18.46 17.82 17.42 17.13 17.04 0.235 12.210 

45 11 14 38.892 +32 41 33.60 0.10 0.17 0.35 1.59 1.52 21.22 18.94 17.13 16.09 15.80 0.188 12.447 

46 11 16 03.133 +02 08 52.30 0.04 0.17 0.19 0.40 0.33 16.81 16.83 16.68 16.44 16.50 0.211 12.219 

47 11 21 14.226 +03 25 46.82 0.07 0.17 0.22 0.36 1.16 17.46 17.29 17.05 16.66 16.66 0.152 12.039 

48 11 22 33.084 +50 15 27.98 0.21 0.09 0.12 0.19 0.95 19.98 18.52 17.69 17.12 16.96 0.195 12.010 

49 11 41 22.043 +40 59 50.39 0.16 0.20 0.14 1.02 1.51 19.99 18.33 17.42 16.89 16.55 0.149 12.156 

50 11 44 30.922 +25 46 34.98 0.38 0.15 0.15 0.29 0.65 18.64 17.44 16.56 16.12 15.84 0.185 12.082 

51 11 53 14.237 +13 14 27.74 0.19 0.10 0.30 2.58 3.32 19.88 18.30 17.59 17.04 16.82 0.127 12.259 

52 11 57 44.359 +12 07 50.97 0.26 0.17 0.13 0.22 0.55 18.78 17.57 16.78 16.35 16.06 0.183 12.048 

53 11 57 53.218 -03 15 37.03 0.21 0.12 0.30 0.33 0.63 17.91 17.74 17.20 16.69 16.82 0.214 12.231 

54 11 58 16.724 +13 26 24.23 0.09 0.10 0.16 0.23 0.53 17.95 17.59 17.40 17.26 17.12 0.439 12.606 

55 12 01 16.658 +23 34 52.85 0.34 0.12 0.14 0.26 0.60 19.19 18.28 17.53 17.22 16.90 0.263 12.281 

56 12 02 05.612 +11 28 12.13 0.29 0.11 0.16 0.95 1.15 18.74 17.93 17.43 17.03 16.93 0.194 12.253 

57 12 02 26.765 -01 29 15.35 0.13 0.36 0.54 2.41 2.72 17.28 16.96 16.62 16.27 16.10 0.150 12.506 

58 12 04 24.554 +19 25 09.99 0.32 0.11 0.37 1.76 1.78 19.50 18.15 17.46 17.02 16.79 0.168 12.360 

59 12 05 26.443 +22 43 37.56 0.15 0.62 0.54 0.51 21.00 19.42 17.78 16.77 16.16 15.74 0.076 12.250 

60 12 11 19.098 +05 55 23.85 0.21 0.15 0.17 0.24 0.55 19.67 18.38 17.53 16.98 16.72 0.201 12.128 

61 12 15 09.822 +09 27 09.37 0.27 0.09 0.27 0.21 0.45 20.15 18.66 17.61 17.17 16.90 0.263 12.286 

62 12 29 06.906 +32 24 17.75 0.30 0.09 0.15 0.57 0.76 19.98 17.79 17.05 16.64 16.40 0.173 12.022 

63 12 31 21.374 +27 55 23.93 0.10 0.08 0.13 0.35 0.67 20.18 18.41 17.44 16.96 16.69 0.212 12.090 

64 12 37 16.002 +04 01 48.67 0.57 0.10 0.32 0.66 1.03 19.18 17.67 16.81 16.30 15.95 0.146 12.025 

65 12 38 20.209 +17 50 39.22 0.16 0.14 0.13 0.26 0.39 17.22 16.61 16.43 16.29 16.24 0.452 12.658 

66 12 45 26.988 +65 23 58.40 0.05 0.06 0.07 0.21 0.65 17.56 17.48 17.30 17.36 16.95 0.320 12.235 

67 12 51 00.438 +66 03 26.87 0.07 0.06 0.07 0.17 0.58 16.78 16.75 16.62 16.79 16.41 0.282 12.117 

68 12 51 20.052 +02 19 02.43 0.25 0.09 0.13 0.47 0.89 19.40 18.42 17.58 17.18 16.82 0.253 12.290 

69 12 54 10.444 +03 59 51.70 0.20 0.12 0.29 0.25 0.82 19.65 18.30 17.47 16.89 16.58 0.168 12.032 

70 12 56 04.931 +02 38 31.96 0.22 0.11 0.24 0.29 1.49 19.81 18.45 17.37 16.85 16.50 0.219 12.272 

71 12 57 39.331 +08 09 31.74 0.04 0.09 0.12 0.59 0.78 17.76 17.47 17.17 17.24 16.91 0.272 12.362 

72 13 01 18.171 +11 06 01.88 0.09 0.12 0.14 0.29 0.83 19.97 18.70 17.55 17.06 16.88 0.174 12.002 

73 13 06 18.579 +08 52 41.43 0.21 0.13 0.26 0.29 0.62 17.78 17.55 17.29 16.92 16.95 0.172 12.041 

74 13 22 11.965 +01 30 34.31 0.17 0.10 0.32 0.33 0.72 18.13 17.74 17.37 17.22 17.59 0.184 12.114 

75 13 22 44.041 +63 37 25.16 0.58 0.06 0.07 0.59 0.91 19.85 18.41 17.50 17.04 16.83 0.200 12.064 

76 13 24 19.895 +05 37 04.79 0.15 0.26 0.40 1.17 0.71 18.73 18.25 17.55 17.04 16.98 0.203 12.494 

77 13 37 15.938 +03 09 36.79 0.33 0.11 0.16 0.22 0.69 19.11 18.12 17.33 16.81 16.56 0.192 12.035 

78 13 44 42.108 +55 53 13.31 0.53 0.24 2.28 21.70 21.40 16.59 14.99 14.31 13.84 13.71 0.037 12.090 

79 13 47 33.379 +12 17 24.35 0.30 0.14 0.67 1.92 2.06 18.16 16.37 15.35 14.79 14.59 0.120 12.201 
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80 13 48 40.199 +58 18 52.16 0.96 0.05 0.07 1.27 1.73 19.90 18.44 17.57 17.10 16.78 0.158 12.105 

81 13 50 43.182 +37 24 34.11 0.18 0.11 0.09 0.30 0.94 19.46 17.97 17.00 16.60 16.30 0.248 12.239 

82 13 55 50.208 +20 46 14.67 0.15 0.19 0.21 0.26 0.54 16.16 15.94 15.66 15.31 15.48 0.197 12.184 

83 14 04 38.810 +43 27 07.52 0.11 0.12 0.29 0.62 0.99 16.18 15.63 15.30 15.33 14.92 0.323 12.625 

84 14 18 42.223 +42 33 43.39 0.02 0.10 0.09 0.31 0.57 16.54 16.40 16.43 16.44 16.37 0.420 12.556 

85 14 22 31.386 +26 02 05.42 0.39 0.18 0.15 1.49 1.99 18.28 17.49 17.08 16.70 16.54 0.159 12.287 

86 14 25 16.043 +16 23 07.97 0.16 0.10 0.25 0.54 0.98 19.47 17.76 16.89 16.47 16.25 0.185 12.154 

87 14 27 27.266 -00 58 41.16 0.19 0.12 0.32 0.91 1.28 20.05 18.44 17.60 17.05 16.69 0.162 12.183 

88 14 35 35.554 +01 28 34.73 0.18 0.13 0.22 0.35 0.65 20.10 18.70 17.77 17.33 17.00 0.232 12.281 

89 14 40 12.775 +61 56 33.19 0.20 0.06 0.09 0.32 0.68 17.20 17.01 16.83 16.97 16.55 0.276 12.198 

90 14 41 04.407 +53 20 08.94 0.33 0.07 0.35 1.95 2.39 18.27 17.08 16.47 15.75 15.72 0.105 12.002 

91 14 49 20.716 +42 21 01.45 0.23 0.11 0.23 0.40 0.56 19.10 18.05 17.28 16.95 16.81 0.179 12.063 

92 14 50 54.177 +35 08 37.94 0.17 0.07 0.09 0.64 1.21 18.48 17.57 16.91 16.38 16.19 0.206 12.162 

93 14 55 49.433 +48 54 36.34 0.08 0.08 0.20 0.53 0.54 18.82 18.22 17.36 17.28 17.07 0.247 12.281 

94 15 02 59.016 +03 40 04.00 0.16 0.09 0.08 0.23 1.09 24.25 18.30 17.49 17.05 16.83 0.218 12.098 

95 15 05 39.529 +57 43 07.33 0.30 0.12 0.07 1.02 1.50 19.07 18.30 17.76 17.31 17.18 0.151 12.075 

96 15 13 18.050 +24 46 55.40 0.19 0.06 0.17 0.52 0.56 19.19 18.07 17.13 16.61 16.34 0.220 12.134 

97 15 22 38.091 +33 31 36.10 0.25 0.08 0.35 1.77 1.89 17.31 16.79 16.45 15.89 16.06 0.125 12.109 

98 15 24 43.874 +23 40 10.41 0.20 0.07 0.18 1.30 1.48 19.31 17.94 17.11 16.58 16.32 0.139 12.045 

99 15 34 57.252 +23 30 11.56 1.79 0.48 7.91 104.00 112.00 15.63 13.96 13.08 12.61 12.29 0.018 12.149 

100 15 43 16.002 +14 07 31.93 0.21 0.07 0.10 0.20 1.11 19.19 18.24 17.58 17.18 16.94 0.221 12.080 

101 15 43 51.941 +16 24 22.26 0.21 0.08 0.12 0.23 0.55 16.93 16.45 16.25 16.12 15.90 0.848 12.924 

102 15 45 30.246 +48 46 08.97 0.09 0.07 0.11 0.28 0.45 16.43 16.32 16.30 16.30 16.06 0.400 12.460 

103 16 18 49.253 +44 25 17.28 0.07 0.05 0.11 0.28 0.50 17.34 16.98 16.64 16.67 16.15 0.335 12.301 

104 16 32 21.419 +15 51 45.77 0.64 0.07 0.12 1.48 1.99 19.67 18.52 17.70 17.26 16.96 0.242 12.527 

105 16 42 58.823 +39 48 37.07 0.17 0.11 0.29 0.60 1.38 16.16 15.68 15.39 15.10 14.86 0.594 13.047 

106 17 04 41.377 +60 44 30.56 0.07 0.07 0.13 0.30 0.70 15.60 15.43 15.25 15.19 14.82 0.372 12.458 

107 20 55 19.286 +00 32 26.16 0.40 1.53 1.82 44.00 58.90 16.58 15.15 14.42 14.04 13.74 0.023 12.023 

108 21 48 33.443 +11 31 47.78 0.03 0.05 0.07 0.45 1.80 19.93 18.13 17.19 16.69 16.37 5.225? 13.556? 

109 21 52 36.547 -07 42 09.35 0.26 0.35 0.47 3.77 82.70 17.13 15.54 14.77 14.35 14.03 0.035 12.071 

110 22 36 06.403 +12 18 43.84 0.20 0.38 0.53 3.57 49.10 18.57 17.25 16.54 16.09 15.83 0.071 12.492 

111 22 53 02.457 +17 20 18.57 0.16 0.10 0.14 0.58 2.36 19.62 18.07 17.13 16.52 16.27 0.179 12.196 

112 22 58 32.466 +07 49 40.59 0.20 0.12 0.22 0.61 1.14 18.76 18.00 17.58 17.40 16.99 0.396 12.755 

113 23 08 33.953 +05 21 29.87 0.10 0.20 0.43 1.15 0.83 18.38 17.42 16.53 15.91 15.51 0.173 12.335 

114 23 56 13.870 -00 32 10.00 1.51 0.14 0.12 0.24 0.59 19.19 16.90 16.07 15.68 15.38 0.189 12.041 

 

4.8. Composition of the Sample and Newly Identified Objects 

The final high-luminosity population contains 114 objects: 107 ULIRGs and 7 HLIRGs. The 

objects were checked against the NASA/IPAC Extragalactic Database [62]. Of the 107 ULIRGs, 

59 were already known, while 2 of the 7 HLIRGs had previously been classified as ULIRGs. 

Consequently, 48 ULIRGs were newly identified and all 7 HLIRGs were newly classified as 

HLIRGs in the selected sample. 

These newly identified objects were designated “Byurakan ULIRGs”. Their significance lies not 

only in the number of new objects but also in the homogeneous route by which they were 

selected from the Combined Catalogue using improved positions and SDSS spectroscopy. 
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Table 4.2. Composition of the high-luminosity infrared-galaxy sample. 

Class Number Status reported in source study 

ULIRGs 107 59 previously known; 48 new 

HLIRGs 7 7 new in the selected sample 

Total 114 High-luminosity extragalactic IR objects 

 

4.9. Luminosity-Redshift Distribution and Selection Effects 

The selected objects were examined using luminosity-redshift and optical-colour diagrams. The 

ULIRG distribution occupies approximately log(LIR/L) = 12.0–12.8 and redshifts of roughly z < 

0.5. The upper-redshift region is affected by the SDSS optical magnitude limit, while the small 

number of HLIRGs prevents a homogeneous description of their distribution. 

 

Figure 4.1. IR luminosity vs. redshift for 114 ULIRGs and HLIRGs (object #108 is left out from the Figure 

because of its high redshift). 

 

The apparent increase of luminosity toward larger redshift must therefore be interpreted as a 

combination of detectability and intrinsic luminosity. More distant objects must be intrinsically 
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brighter to satisfy the flux and optical selection requirements. Thus, the luminosity-redshift 

distribution is a useful description of the sample but is not, by itself, evidence for an evolutionary 

relation. 

This selection effect is particularly important when comparing the 114-object sample with the 

broader IRAS population. The high-luminosity sample is deliberately optimized for reliable 

luminosity and spectroscopic characterization, not for volume completeness. 

4.10. Spectroscopic Classification: General Method 

The second study analyzed SDSS spectra for the 114 high-luminosity infrared galaxies and 

assigned activity classifications to 113 of them; one remained unclassified because of poor spectral 

quality. 

The classification was performed primarily by direct visual inspection of the spectra. Many of the 

spectra contain weak lines affected by noise, making a completely uniform application of narrow-

line diagnostic diagrams difficult. Visual inspection also makes it possible to recognize broad 

components that are important for Seyfert subclasses 1.0–1.9 [63]. 

This approach is especially important when broad and narrow emission components overlap. If 

the broad component is not separated, the measured total intensity does not correspond to the 

narrow component alone and can distort the diagnostic ratios. Line widths have been considered 

and complete spectral appearance together with the available line ratios. 

4.11. Classification Criteria and Sample Spectra 

Different types of active galaxies with narrow lines have been distinguished according to the 

following criteria: 

• Seyfert galaxies versus LINERs: [OIII]/Hβ > 3 

• AGN versus HII regions: [NII]/Hα > 0.6 and [OI]/Hα > 0.1 

The following activity types are observed among our objects: 

S1.0 – Seyfert 1 galaxies with broad lines. These objects have broad permitted Balmer lines of 

hydrogen (HI) and narrow forbidden lines. The narrow hydrogen lines are completely swamped 
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by the strong broad components. Physically, these objects are similar to quasars, but they have 

lower luminosities (Mabs > -23) [64] and Hβ/[OIII]5007 > 5 [65]. 

NLS1.0 – Narrow-line Seyfert 1 galaxies. These are defined as soft X-ray sources whose permitted 

broad lines are relatively narrow (approximately 2,000 km/s), with widths only slightly greater 

than those of the forbidden lines. Various emission lines of FeI, FeII, and FeIII are present, as 

well as highly ionized iron lines, such as [FeVII] and [FeX] [66]. 

 

Figure 4.2. Typical examples of each activity type (from left to right and from top to bottom): S1.0, 

NLS1.0, S1.2, NLS1.2, S1.5, NLS1.5, S1.8, S2.0, LINER, HII, S1.9/HII, S1.9/LINER, LINER/HII, NLAGN, 

QSO, NLQSO, BL Lac, Em, Abs, Unkn. 

S1.2 – Seyfert 1.2 galaxies. These are AGNs whose spectra have intermediate characteristics 

between those of classical Seyfert 1 and Seyfert 2 galaxies. Both broad and narrow components 
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of permitted lines are present; in our sample, these profiles are seen in the Hα and Hβ lines [64]. 

Nevertheless, the broad lines are stronger, and 2.0 < Hβ/[OIII]5007 < 5.0 [65]. 

NLS1.2 – Narrow-line Seyfert 1.2 galaxies. These are defined as soft X-ray sources whose 

permitted broad lines are relatively narrow (approximately 2,000 km/s), with widths only slightly 

greater than those of the forbidden lines. Various emission lines of FeI, FeII, and FeIII are present, 

together with lines of highly ionized iron, such as [FeVII] and [FeX] [66]. 

S1.5 – Seyfert 1.5 galaxies. These are AGNs with spectra intermediate between those of classical 

Seyfert 1 and Seyfert 2 galaxies. A narrow HI line profile is clearly visible superimposed on the 

broad wings [64], and 0.333 < Hβ/[OIII]5007 < 2.0 [65]. The intensities of the broad and narrow 

components are approximately equal. 

NLS1.5 – Narrow-line Seyfert 1.5 galaxies. These are defined as soft X-ray sources whose 

permitted broad lines are relatively narrow (approximately 2,000 km/s), with widths only slightly 

greater than those of the forbidden lines. Various emission lines of FeI, FeII, and FeIII are present, 

together with lines of highly ionized iron, such as [FeVII] and [FeX] [66]. 

S1.8 – Seyfert 1.8 galaxies. These are AGNs with spectra intermediate between those of classical 

Seyfert 1 and Seyfert 2 galaxies. They have relatively weak broad Hα and Hβ components 

superimposed on stronger narrow lines, with Hβ/[OIII]5007 < 0.333 [65]. 

S1.9 – Seyfert 1.9 galaxies. These are AGNs with spectra intermediate between those of classical 

Seyfert 1 and Seyfert 2 galaxies. They have a relatively weak broad Hα component superimposed 

on a stronger narrow line. The broad Hβ component is not observed [64], and Hβ/[OIII]5007 < 

0.333 [65]. 

S2.0 – Seyfert 2 galaxies. Their spectra show relatively narrow permitted Balmer and forbidden 

lines compared with Seyfert 1 galaxies, with nearly identical full widths at half maximum 

(FWHM), typically in the range of 300–1,000 km/s. No broad component is visible. A secondary 

classification criterion is [OIII]5007/Hβ ≥ 3, which makes it possible to distinguish these objects 

from Sy1 or NLS1 galaxies [67]. 

LINER – Low-Ionization Nuclear Emission-line Regions. This term was introduced by Heckman 

[68] for galactic nuclei with emission lines formed in low-ionization regions. Their spectra 
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resemble those of Seyfert 2 galaxies, with relatively strong low-ionization lines, such as [OI] and 

[OII]. The line ratios are [OII]3727 / [OIII]5007 ≥ 1 and [OI]6300 / [OIII]5007 ≥ 1/3. According 

to Ho et al. [69], there are two classes of LINER galaxies: Type 1 exhibits broad Balmer emission 

similar to that of Seyfert 1 galaxies, whereas Type 2 shows no broad Hα component, resembling 

Seyfert 2 galaxies. 

HII – Extragalactic HII regions. Their spectra resemble those of starburst (SB) galaxies, with 

strong, narrow emission lines (FWHM ≤ 300 km/s), but with [OIII] / Hβ ≥ 3 and [NII]6583 / Hα < 

0.6, together with a blue continuum [67, 70]. Essentially, HII galaxies and starburst galaxies are 

similar; however, classifying an object as a starburst galaxy requires information about its star-

formation rate. 

Composite objects (HII / LINER, HII / Sy, or LINER / Sy). These objects have complex spectra 

containing features characteristic of HII regions and LINERs, HII regions and Seyfert galaxies, or 

LINERs and Seyfert galaxies. In some cases, features of all three types are present [71]. Previously, 

these objects were classified as galaxies with transition spectra. 

AGN – Active Galactic Nuclei. These are relatively low-quality spectra in which only a few 

emission lines are observed, mainly Hα together with [NII] lines. The [NII] / Hα ratio is typical of 

AGNs, namely Seyfert galaxies or LINERs. Of course, LINER-like emission spectra are not 

necessarily associated with nuclear activity, but they can still be useful for preliminary 

classification. 

Em – Emission-line spectra. These are relatively low-quality spectra in which one or more 

emission lines are observed, but precise classification is not possible. Such spectra usually have a 

strong stellar component, including continuum emission and absorption features, making the 

emission lines difficult to distinguish from the continuum and absorption lines. 

Abs – Absorption-line spectra. These spectra show only absorption lines superimposed on a 

continuum. The most prominent features are generally stellar lines such as MgI 5175, NaI 5890–

5896, and the Balmer lines. Infrared, radio, or X-ray sources with such spectra may often contain 

hidden AGNs. 
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In the high-luminosity sample, the criteria were not applied mechanically. Visual inspection was 

necessary to account for broad components, noisy lines, and cases in which several activity 

signatures may coexist. This combined procedure is a methodological feature of the study and 

should be preserved when the sample is used for subsequent statistical analysis. 

4.12. Detailed Spectral Activity Types 

The detailed classification contains BL Lac (1), QSO (1), narrow-line QSO (1), S1.0 (1), NLS1.0 

(2), S1.2 (1), NLS1.2 (15), S1.5 (3), NLS1.5 (6), S1.8 (1), S2.0 (5), LINER (14), HII (36), S1.9/LINER 

(3), S1.9/HII (3), LINER/HII (8), NLAGN (6), emission-line (3), absorption-line (3), and 

unclassified (1) objects. For statistical analysis, the study groups these detailed types into nine 

broad categories. 

The grouped population is dominated by HII galaxies and broad-line Seyferts, followed by 

LINERs and composite systems. The distribution is shown in Table 4.3. 

Table 4.3. Grouped spectral activity types of the 114-object sample. 

Activity group Number Subclasses included 

BLL/QSO 3 BL Lac, QSO, NLQSO 

BLS 28 S1.0, NLS1.0, S1.2, NLS1.2, S1.5, NLS1.5 

NLS 6 S1.8, S2.0 

NLAGN 9 NLAGN, S1.9/LINER 

LINER 14 LINER 

Composite 11 S1.9/HII, LINER/HII 

HII 36 HII / star-forming 

Em 3 Emission-line 

Abs 3 Absorption-line 

Unclassified 1 Without classification 

Total 114  
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The distribution demonstrates that high infrared luminosity does not correspond to a single 

optical activity mechanism. Star-forming systems remain the largest individual class, while AGN-

related systems collectively represent a substantial fraction of the population. 

4.13. Mean Properties by Activity Type 

Table 4.4 lists the mean redshift, mean SDSS u-g and g-r colours, and mean log infrared 

luminosity for the grouped activity classes. The BLL/QSO group has the highest mean redshift, 

followed by the broad-line Seyfert group, while the HII, LINER, composite, NLS, and NLAGN 

groups have lower mean redshifts. Em group high mean redshift depends on object #108 (z=5.225) 

which is not reliable. All objects lie at Galactic latitudes |b| > 30 degrees and therefore the colour 

indices are reported without Galactic-extinction correction. Also 108 of the 114 objects have z  

0.45 and do not require a k-correction. 

Table 4.4. Mean redshift, SDSS colours, and infrared luminosity by activity class. 

Activity 

group 
N Mean z Mean u-g Mean g-r 

Mean log 

LIR/L 

BLL/QSO 3 0.89 0.60 0.44 13.14 

BLS 28 0.30 0.34 0.31 12.37 

NLS 6 0.19 1.20 0.90 12.10 

NLAGN 9 0.17 1.41 0.85 12.14 

LINER 14 0.16 1.60 0.86 12.12 

Composite 11 0.19 1.23 0.78 12.21 

HII 36 0.17 1.31 0.74 12.19 

Em 3 1.83 1.78 1.01 12.86 

Abs 3 0.19 2.20 1.18 12.07 

 

The mean properties listed in Table 4.4 suggest a general tendency for several lower-activity 

groups to have redder optical colours and lower mean infrared luminosities than the more 

powerful AGN groups. However, these trends are not strictly monotonic across all activity classes, 

and the small number of objects in some groups limits the strength of the conclusions. 



 

73 

 

The SDSS DR14 (u−g) versus (g−r) colour–colour diagram is shown in Figure 4.3. Table 4.4 also 

indicates differences in mean redshift and infrared luminosity among the activity types. Because 

more luminous objects can be detected at greater distances, these differences must be interpreted 

in the context of observational selection rather than as direct evidence of an evolutionary 

sequence. 

 

Figure 4.3. SDSS colour-colour diagram u-g / g-r. 

It is noticeable that emission-line galaxies occupy a region of the diagram close to that of high-

luminosity objects in terms of their properties. This may indicate that a more detailed 

classification could reveal Seyfert galaxies with broad lines or quasars among them. The colour 

analysis also shows a systematic transition from blue to red when moving from high-luminosity 

objects toward lower-luminosity ones. 
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4.14. Starburst and AGN Activity 

The simultaneous occurrence of HII, Seyfert, LINER, quasar, and composite classes demonstrates 

that the infrared luminosity of a galaxy is not sufficient to determine the dominant mechanism 

producing the observed energy output. Spectroscopy is required to identify whether the optical 

spectrum is more consistent with star formation, nuclear activity, or mixed excitation. 

The source studies explicitly raise the question of whether starburst activity triggers AGN 

activity, whether nuclear activity affects star formation, or whether both arise from a common 

physical process. The present sample does not establish a causal sequence. It does, however, 

provide a well-defined population in which such relations can be investigated statistically. 

The coexistence of star-forming and AGN-related objects also motivates combining optical 

spectral information with infrared colours, X-ray data, radio information, and morphology in 

future work. 

4.15. Comparison with Existing Activity Information 

The classification results have been compared with activity classifications available in the 

NASA/IPAC Extragalactic Database. Only 44 of the 114 objects had activity information in that 

database, and only 6 of those 44 were regarded as correctly or completely classified. 

This comparison illustrates the importance of examining the original SDSS spectra rather than 

relying exclusively on database labels. This study attributes its improved classification to the 

explicit consideration of broad spectral components and the overall appearance of the emission-

line profiles. 

4.16. Comparison with the BIG Population 

The 114-object sample provides an important comparison with the 257-object BIG sample 

analyzed in Chapter 2. HII galaxies dominate the broader BIG sample, representing 58.0% of the 

classified population, whereas the high-luminosity sample contains a much larger relative 

contribution from broad-line and other AGN-related classes. 
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The two populations are not identical selection samples and therefore should not be compared as 

though they were drawn from the same completeness function. Nevertheless, the difference is 

scientifically informative: selecting the high-luminosity end of the infrared population changes 

the relative prevalence of the activity classes. 

This comparison establishes a clear progression within the Thesis from the general IRAS-selected 

galaxy population to a deliberately isolated high-luminosity subset. 

4.17. Relation to the IRAS Extragalactic Sample 

The 114-object sample should be regarded as a physically selected subset of the much larger IRAS 

extragalactic population described in Chapter 3. The broad sample provides the parent 

distribution of infrared sources, while the ULIRG/HLIRG selection isolates objects above a 

defined luminosity threshold for detailed investigation. 

This hierarchical relationship is important scientifically. It means that the 114 objects were not 

selected independently from unrelated literature compilations but were extracted from the same 

Combined Catalogue that serves as the basis for the larger extragalactic-sample work. The high-

luminosity analysis therefore represents an extension of the same catalogue-integration 

methodology. 

The connection also makes it possible to plan future analyses in which activity, luminosity, 

colour, and morphology can be investigated continuously across the infrared-luminosity range 

rather than only at the ULIRG threshold. 

4.18. Relation to the ArVO and BAO Archive Framework 

The selection of the 114-object sample depends on the same general data-integration philosophy 

that underlies the Armenian Virtual Observatory work described in Chapter 5. Improved infrared 

positions, optical catalogue matching, spectroscopic retrieval, and the combination of 

heterogeneous measurements are all examples of an integrated astronomical-data workflow. 

The BAO archive adds a historical dimension to this methodology. For selected high-luminosity 

infrared galaxies, archival optical observations could provide independent historical evidence, 

additional spectral information, or morphological comparisons. The DFBS and its automated-
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classification developments also demonstrate how large historical datasets can increasingly be 

processed computationally. 

Thus, the ULIRG/HLIRG sample is both a scientific result and a demonstrator of the broader 

methodological framework developed throughout this Thesis. 

4.19. Summary 

The high-luminosity infrared-galaxy study begins with the 345,163-source IRAS PSC/FSC 

Combined Catalogue. WISE-based positional refinement and cross-correlation with SDSS DR14 

produced 6,346 unique spectroscopic optical counterparts. Requiring complete 12, 25, 60, and 100 

µm IRAS fluxes reduced the luminosity-analysis population to 6,270 objects. 

Using the infrared-luminosity relations [21], objects above 1012 L and within the adopted SDSS 

spectroscopic limit were selected. The resulting sample contains 107 ULIRGs and 7 HLIRGs, 

including 48 newly identified ULIRGs and 7 newly identified HLIRGs. 

The subsequent spectral classification assigned activity types to 113 of the 114 objects. HII 

galaxies are the largest individual class, but the population also contains a substantial contribution 

from broad- and narrow-line Seyferts, LINERs, composites, NLAGN, BLL/QSO objects, emission-

line systems, and absorption-line systems. 

The results connect directly with the broader Thesis programme. Chapter 2 establishes the 

activity distribution of BIG galaxies, Chapter 3 constructs the much larger IRAS extragalactic 

population, Chapter 4 isolates and characterises the most luminous systems, and Chapter 5 

provides the archival and virtual-observatory methodology through which these investigations 

can be extended. 
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5. ARMENIAN VIRTUAL OBSERVATORY AND BAO PLATE 

ARCHIVE: DATA INFRASTRUCTURE AND METHODOLOGICAL 

APPLICATIONS 

5.1. Introduction: ArVO, the BAO Plate Archive and DFBS 

Modern astronomical research increasingly depends on the integration of observations obtained 

by different instruments, at different wavelengths, and in different formats. For infrared-galaxy 

research, an infrared detection is only the starting point: its optical counterpart must be 

identified, its nature established, and its properties compared with spectroscopy and other 

available observations. Digital archives and Virtual Observatory systems provide a way to make 

heterogeneous datasets accessible and to support their systematic analysis. 

The Armenian Virtual Observatory (ArVO) is a joint initiative of the Byurakan Astrophysical 

Observatory (BAO) and the Institute for Informatics and Automation Problems of the National 

Academy of Sciences of Armenia. The International Virtual Observatory Alliance (IVOA), 

founded in 2002, has supported the development of interoperability and technical standards 

among Virtual Observatory initiatives. ArVO has participated in this international environment 

since 2005 and provides a methodological context for connecting astronomical databases, analysis 

software, and computational resources [72–78]. 

A complementary resource is the BAO Plate Archive, which preserves photographic plates and 

films obtained during decades of observations with different telescopes and observing techniques. 

Digitization converts this historical material into image data that can be indexed, inspected, 

calibrated, and searched alongside modern catalogues. The archive therefore has potential value 

beyond preservation: it allows earlier observations to contribute to current source-identification 

and classification work [25]. A central design principle of the project is that the archive should 

not become a passive collection of scans. Its objectives include preservation, digitization, database 

construction, creation of an interactive sky map, scientific exploitation, and integration with 

broader astronomical databases. These goals are consistent with the archival-science approach 

discussed in the Astroplate literature [79–84]. 



 

78 

 

The Digitized First Byurakan Survey (DFBS) is the best-developed example of this 

transformation. Based on the Markarian Survey (the First Byurakan Survey), it contains data for 

about 40 million extracted low-dispersion spectra for approximately 20 million astronomical 

objects and from 1,874 digitized plates. The survey covers approximately 17,000 square degrees 

and includes a wide variety of objects, among them ultraviolet-excess galaxies, stars, quasars, and 

other sources with distinguishable spectral features [26, 27]. 

The principal scientific content of this chapter is provided by two studies. Astsatryan et al. [28] 

investigate automated classification of DFBS low-dispersion spectra using supervised and 

unsupervised machine-learning methods [28]. Astsatryan et al. [29] extend this work to the 

classification of subtypes within selected object groups and introduce a cloud-based service 

supporting extraction, model training, fine-tuning, evaluation, and inference [29]. The following 

sections describe these two contributions in detail and then discuss their methodological 

relationship to the infrared-galaxy research presented in the preceding chapters. 

5.2. The DFBS as a Digital Astronomical Resource 

The DFBS is a joint project of BAO in collaboration with Università di Roma La Sapienza (Italy), 

Cornell University (Ithaca, N.Y., USA) and Hamburger Sternwarte (Hamburg, Germany). The 

DFBS is based on objective-prism observations, in which spectra of many objects are recorded 

across the same photographic plate. This observational design provides a large and diverse spectral 

dataset, but it also creates specific technical challenges. An individual plate may contain 

thousands of sources, and the appearance of each spectrum depends on source brightness, spectral 

energy distribution, photographic response, background conditions, and possible blending with 

nearby objects. Consequently, the extraction of a reliable spectral image from a plate is a distinct 

task that must be addressed before automated classification can be applied [26, 27]. 

The scientific information in a low-dispersion spectrum is carried by its overall shape, colour 

distribution, continuum, and recognizable emission or absorption features. These characteristics 

can provide initial discrimination among broad classes of objects, although they do not always 

permit a definitive physical classification. In particular, some active galactic nuclei and compact 

galaxies may be difficult to distinguish from other sources at low dispersion. The DFBS should 
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therefore be understood as a large archival resource for candidate identification and classification, 

not as a replacement for detailed follow-up spectroscopy where that is required [26, 27, 85]. 

 

Figure 5.1. DFBS spectra for various types of objects. 

The two core studies address complementary stages of this process. The first one develops an 

initial automated classification framework for several object groups represented in the DFBS. The 

second work refines both image extraction and classification, with emphasis on subclassifying 

Markarian galaxies, carbon stars, and subdwarfs. Table 5.1 summarizes their principal differences. 

Table 5.1. Overview of the two core DFBS classification studies [28, 29]. 

Study Main objective Principal methods Reported outcome 

Astsatryan et al. [28] 

Automated classification of 

broad groups of astronomical 

objects in DFBS low-dispersion 

spectra. 

Three-step image preprocessing; 

supervised and unsupervised CNN-

based approaches; augmentation of 

labeled images. 

Supervised classification achieved 

about 87% overall accuracy on the 

evaluated dataset; the tested 

unsupervised approach performed 

substantially less well. 

Astsatryan et al. [29] 

Classification of subtypes within 

Markarian galaxies, carbon 

stars, and subdwarfs; provision 

of a reusable ML service. 

Improved four-step extraction; revised 

CNN; focal loss and self-transfer 

learning; cloud-hosted notebooks and 

evaluation tools. 

Reported 96% accuracy for the tested 

sub-object task and 93% for the 

evaluated broad-group task. 

5.3. Automated Classification of Low-Dispersion Spectra 

A study by Astsatryan et al. [28] addressed the challenge of classifying the large number of spectra 

available in the DFBS. Its objective was to develop a service capable of recognizing selected 

astronomical object types from extracted spectral images. The study considered ultraviolet-excess 

galaxies, including Markarian-type galaxies, quasars and compact galaxies, together with several 
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stellar and nebular categories. Automated classification is necessary because direct visual 

inspection alone does not scale to millions of spectra [28]. 

The work evaluates supervised and unsupervised learning strategies. In supervised learning, a 

dataset of labeled examples provides the reference classes used to train the model. The network 

learns image features associated with these classes and then predicts labels for previously unseen 

examples. In unsupervised learning, the algorithm attempts to identify structures and similarities 

in the input data without requiring a class label for every training example. The distinction is 

relevant to astronomical datasets, where labels may be incomplete and clustering can be used to 

explore similarities among objects [86–89]. 

The target classification categories include hot subdwarfs, carbon stars, ultraviolet-excess 

galaxies, M-type stars, and planetary nebulae. These categories differ in the shape of their 

continua, the presence and strength of spectral lines, and their overall colour. The paper [28] 

emphasises, however, that objects from distinct physical classes can sometimes resemble one 

another in low-dispersion spectra. The purpose of the automated system is therefore to provide a 

scalable first-level classification of the available imagery; the reported performance must be 

interpreted in relation to the classes and training examples actually evaluated [28]. 

5.4. Preprocessing and Spectral-Image Extraction 

The method begins with image preprocessing designed to separate the spectral signal from the 

background. A Gaussian blur is applied to reduce high-frequency noise, following the general 

objective of image-denoising methods [90]. The image is then processed using adaptive mean 

thresholding, which estimates a threshold in local image regions rather than imposing one 

threshold over the entire plate. Pixels that differ sufficiently from the local background are 

treated as foreground candidates. This step creates a binary representation suitable for detecting 

the object boundary. 

The next step determines the spatial boundary of the spectrum. Contour-tracing methods, 

including the algorithmic approaches described by Pavlidis, provide a way to determine an 

object's boundary and bounding rectangle [91, 92]. Astronomical coordinates, including right 

ascension and declination, are converted into image-pixel coordinates using information from 
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the relevant plate and FITS header; FITS is the standard format used to store and exchange this 

type of astronomical data [93]. When a target has known coordinates, these provide a starting 

position for identifying the corresponding spectral image. The object image can then be extracted 

from the original plate for subsequent classification. 

This extraction stage is important because classification accuracy cannot be separated from the 

quality of the input images. If the extracted region contains background fragments, excludes part 

of the spectrum, or includes another object, the network receives misleading information. The 

challenge is particularly significant for faint objects and crowded fields, in which the distinction 

between source and background may be unclear. Image processing is therefore an integral part 

of the automated classification pipeline rather than a trivial preparation step. 

 

Figure 5.2. The results of the bounding- 

rectangle-finding algorithm for spectral images. 

 

Figure 5.3. An illustration of the extraction of an 

object’s 2D spectrum from the 

original plate image. 

5.5. Supervised and Unsupervised Learning 

For the supervised experiments, spectral images are represented in a standardized form and 

normalized before being supplied to the CNN. Normalization rescales pixel values into a 

consistent range, helping the network training procedure operate on comparable numerical 

inputs. Data augmentation, including transformations such as flipping, rotation, shifting, and 
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related image variations, is a commonly used strategy for increasing training-set diversity in 

astronomical image classification [94]. 

The CNN learns image features through convolutional layers and uses these features to generate 

a predicted class. Convolutional layers are suitable for this task because they identify local 

patterns in the spectral image while reusing the same filters across different image positions [86]. 

Pooling operations reduce the size of intermediate feature maps, and the final classification layers 

map the learned representation to the candidate categories. The eight-layer architecture and its 

TensorFlow/Keras implementation are those reported in this study [28]. 

 

Figure 5.4. Supervised learning scheme. 

The unsupervised experiments use an autoencoder to construct a reduced representation of the 

spectral images. The encoder compresses the input into a lower-dimensional feature space, while 

the decoder attempts to reconstruct the original input. The encoded features are then examined 

using clustering methods, including DBSCAN and K-means, to group similar patterns [87–89]. 

This provides a way to examine the structure of the dataset without specifying every class in 

advance. 
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Figure 5.5. Unsupervised learning scheme. 

5.6. Experimental Results and Limitations 

Ref. [28] reports an overall accuracy of approximately 87% for the supervised CNN classification. 

The evaluated classes show different precision and recall values, illustrating that performance 

varies with the nature of the class and the size and quality of its labeled sample. Hot subdwarfs 

achieved reported precision, recall, and F1-score values of approximately 95%, 96%, and 96%, 

respectively. Carbon stars achieved approximately 86%, 84%, and 85%, while ultraviolet-excess 

galaxies achieved approximately 89%, 91%, and 90%. The M-type-star category had a notably 

lower recall of about 49%, corresponding to an F1-score of approximately 61%. 

The reported scores for planetary nebulae were very high, but the corresponding evaluation 

sample was extremely small. The apparent perfect scores should therefore not be interpreted as 

proof that planetary nebulae can always be classified without error. More generally, the uneven 

results across the classes show why overall accuracy alone is not sufficient to describe a classifier’s 

performance. 



 

84 

 

Table 5.2. Supervised ML model accuracy and datasets 

Objects Initial 

Train 

Initial 

Test 

Generated 

Train 

Generated 

Test 

Precision 

(%) 

Recall 

(%) 

F1-score 

(%) 

Hot subdwarfs (sd) 550 157 2,750 785 95 96 96 

Carbon stars (C) 331 94 1,650 470 86 84 85 

Ultraviolet-excess galaxies 305 86 1,525 430 89 91 90 

M-type stars 104 44 770 220 80 49 61 

Planetary nebulae (PNe) 11 4 131 48 100 100 100 

Total 1,301 385 6,826 1,953 — — — 

 

For the unsupervised experiments, the study [28] gives an accuracy of approximately 38% and a 

mean squared error of 0.0012. The conclusion is that the supervised approach is more effective 

for the studied datasets. The supervised model was also applied to larger sets of extracted objects, 

including datasets of about 2.5 million (Table 5.3) and four million spectra (Table 5.4). The 

number of predicted objects in each target class varied with the confidence threshold: lowering 

the threshold increased the number of assigned labels, while applying a higher threshold retained 

fewer but more confident predictions. We used the resulting predictions and regression analyses 

to estimate that the full DFBS could contain at least six million carbon stars, three million hot 

subdwarfs, and one million Markarian galaxies. These are model-based estimates, not 

independent visual confirmations of every predicted object. Their reliability depends on how 

representative the training and inference sets are, how classification errors behave for the full 

survey, and how a prediction-confidence threshold is chosen. The reported variation in 

performance between object classes means that such estimates should be treated as indicative 

rather than as definitive census values. 

Table 5.3. CNN model classification results for two and a half million objects 

Accuracy C Class SD Class PN Class M Class Mrk Class Other 

95% 403,556 154,623 6 6 29,336 1,929,075 

90% 579,906 244,217 16 21 44,342 1,648,100 

85% 697,535 322,233 278 62 61,782 1,434,712 

80% 789,450 394,554 348 129 81,463 1,250,622 
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Table 5.4. CNN model classification results for about four million objects 

Accuracy C Class SD Class PN Class M Class Mrk Class Other 

95% 556,309 286,717 14 11 61,858 3,346,654 

90% 829,577 440,737 38 46 91,670 2,889,531 

85% 1,023,669 573,130 312 129 127,578 2,526,781 

80% 1,181,754 695,987 392 265 167,559 2,205,606 

 

The main contribution of the study is the demonstration that supervised CNNs can be applied to 

DFBS spectral images at a scale far beyond manual inspection. It also identifies challenges that 

motivate the later work: the noise and low contrast of photographic data, class imbalance, limited 

labeled samples, and the difficulty of obtaining reliable predictions for every object type. The 

need for improved extraction and finer classification therefore follows directly from the 

limitations of the initial approach [28]. 

5.7. Cloud-Based Machine Learning Service for Astronomical Sub-Object 

Classification 

This study by Astsatryan et al. [29] extends the earlier DFBS classification framework by 

concentrating on sub-object classification. Rather than stopping at a broad category such as 

Markarian galaxy, carbon star, or subdwarf, the study attempts to distinguish subclasses within 

each group. This matters because objects sharing a broad spectral type can have different physical 

properties and scientific significance, and because an internally consistent classification can make 

large archival samples more useful for targeted research [29]. 

The study considers three principal object groups. Markarian galaxies are subdivided into Mrk 

AGN, Mrk SB (starburst), and Mrk Abs (absorption-line) categories. Carbon stars are subdivided 

into C-R, C-N, and C-H types, while subdwarfs are subdivided into sdO, sdB, and sdA types. The 

experimental evaluation, however, focuses on the subclasses for which sufficient labeled 

examples were available [29]. 

An important observational issue is that the apparent shape of a photographic spectrum depends 

on its brightness and the response of the photographic emulsion. The study therefore discusses 
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magnitude-dependent differences in the appearance of spectral traces. Very faint objects may 

resemble plate defects or background fragments, while bright sources can be overexposed. The 

spectra were grouped by magnitude and the authors note that reliable classification is expected 

mainly within intermediate brightness ranges; objects near the faint limit or strongly overexposed 

are more difficult to classify [29]. 

 

Figure 5.6. Examples of the subtypes of objects from the three most common object groups in the DFBS. 

5.8. Revised Extraction, CNN Architecture and Transfer Learning 

The study [29] improves the extraction process by developing a four-step procedure that builds 

on the earlier pipeline. A key change is the replacement of adaptive mean thresholding with 

adaptive Gaussian thresholding. The latter is reported to be more robust against noise and bright 

background artefacts, although it is computationally more expensive. Additional size constraints 

are used to reject extracted regions that are too small to represent valid spectral images. A fallback 

procedure is also introduced for cases where the primary extraction fails, allowing the system to 

examine and filter alternative contours around a known starting point. The use of Gaussian-based 

processing and contour-based fallback extraction is consistent with the broader image-processing 

methods [29, 90, 95]. 
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The revised procedure can extract up to 30% more objects than the previous method when 

applied to the same coordinate-labeled dataset. This improvement is important because an 

enhanced extraction pipeline can increase the number of usable training examples and inference 

candidates before the classifier itself is changed. It also reinforces the dependence of classification 

quality on the reliability of preprocessing and extraction. 

The revised CNN accepts images of 160 × 50 pixels and uses four convolutional blocks with 32, 

64, 128, and 256 filters. The blocks combine convolution, batch normalization, and pooling. The 

service also includes architectures such as ResNet and MobileNetV2, which are established CNN 

approaches for image recognition [96, 97]. The training strategy addresses class imbalance 

through focal loss [98], uses the Adam optimizer [99], and applies data augmentation to increase 

variation in the training inputs [87]. The specific architecture and training configuration were 

evaluated, as described in our work [29]. 

 

Figure 5.7. (a) four-step image processing, (b) the proposed CNN architecture. 
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A further element is self-transfer learning. The model is first trained on a broader classification 

task and is then fine-tuned on the smaller dataset containing the target subtypes. This allows the 

model to reuse features learned from a larger collection of spectra and adapt them to a more 

specific classification problem. Transfer learning is particularly relevant when the target task has 

fewer labeled examples than the broader task used for initial training [100]. 

5.9. Cloud-Based Service and Workflow 

The study addresses not only model performance but also how the classification procedure can 

be made usable by other researchers. The proposed cloud-based service relies on Google 

Colaboratory and Jupyter notebooks, with the training and evaluation code maintained in a 

GitHub repository. Published analysis of Google Colaboratory describes its use as an accessible 

environment for accelerating deep-learning applications [101], while the associated 

Computational Astrophysics library provides the implementation resources [102]. 

The service is organized around the principal stages of a machine-learning workflow: data loading 

and preparation, training, fine-tuning, testing, inference, and visualization. Users can set 

parameters such as image dimensions, batch sizes, and model checkpoints. Several network 

architectures, including ResNet and MobileNetV2, are available for experiments [96, 97], and 

saved checkpoints can be used for testing or fine-tuning. Evaluation is supported by classification 

reports and TensorBoard-based displays of training accuracy and loss. 

An important feature of the service is that it is not designed solely to execute one fixed pretrained 

model. It provides an environment for researchers to run their own training and evaluation 

pipelines and to apply trained models to new data. The study also describes an extraction mode 

that searches plates for unlabeled objects, allowing the framework to be used for exploratory 

analysis of plate content. In this mode, the absence of object identifiers limits the interpretation 

of individual detections, but the results can still provide information about the distribution of 

candidate spectra across the examined material [29]. 

By integrating image extraction, learning, evaluation, and inference in a single environment, the 

service represents a practical extension of the earlier DFBS classification work. It moves the 

framework closer to a reusable analysis tool for the astronomical community and makes the 
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computational workflow more transparent and repeatable. At the same time, the service cannot 

eliminate the need for suitable training labels, sufficient examples for rare classes, and 

independent checks of scientific classifications. 

5.10. Evaluation, Large-Scale Inference and Limitations 

Our study [29] evaluates the revised framework on a sub-object dataset containing 2,107 training 

examples and 405 validation examples, and on a broad-group dataset with 1,478 training and 258 

validation examples. For sub-object classification, the tested classes are C-H carbon stars, 

Markarian starburst galaxies, and sdB subdwarfs. The reported overall accuracy is 96%. Class-

specific F1-scores are approximately 0.95 for C-H stars, 0.95 for Markarian starburst galaxies, and 

0.97 for sdB subdwarfs. For broad-group classification, there is an accuracy of 93% for the revised 

framework, compared with 88% for the earlier framework. The individual metrics again vary by 

class. For example, the reported F1-score is about 0.97 for the Markarian-galaxy class, while the 

M-type-star class has a lower recall and F1-score. The planetary-nebula results are very high, but 

they are based on a small number of examples. The metrics therefore show both the potential of 

the improved method and the continuing dependence of performance on class-specific sample 

sizes and spectral characteristics. 

Table 5.5. Comparison of classification reports for two frameworks on the sub-objects’ dataset. Support 

denotes the number of samples in the corresponding class (train + validation). 

Class Support Precision Recall F1-score 

C-H 626 + 117 0.89 / 0.93 0.91 / 0.97 0.90 / 0.95 

Mrk SB 664 + 132 0.94 / 0.95 0.89 / 0.95 0.91 / 0.95 

sdB 817 + 156 0.94 / 0.98 0.96 / 0.96 0.95 / 0.97 

Accuracy 2,107 + 405 — — 0.93 / 0.96 

Macro avg 2,107 + 405 0.92 / 0.96 0.92 / 0.96 0.92 / 0.96 

Weighted avg 2,107 + 405 0.93 / 0.96 0.93 / 0.96 0.93 / 0.96 
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Table 5.6. Comparison of classification reports for two frameworks on the group classification dataset. 

Class Support Precision Recall F1-score 

C 362 + 63 0.82 / 0.87 0.89 / 0.87 0.85 / 0.87 

M 169 + 29 0.70 / 0.74 0.48 / 0.69 0.57 / 0.71 

Mrk 333 + 58 0.91 / 0.94 0.88 / 1.00 0.89 / 0.97 

PN 13 + 2 1.00 / 1.00 1.00 / 1.00 1.00 / 1.00 

sd 601 + 106 0.93 / 1.00 0.98 / 0.98 0.95 / 0.99 

Accuracy 1,478 + 258 — — 0.88 / 0.93 

Macro avg 1,478 + 258 0.87 / 0.91 0.85 / 0.91 0.86 / 0.91 

Weighted avg 1,478 + 258 0.87 / 0.93 0.88 / 0.93 0.87 / 0.93 

 

The study also tests the trained classifier on inference datasets containing approximately one 

million (Table 5.7) and four million (Table 5.8) extracted objects, assembled from 65 and 266 

plates, respectively. The predicted numbers change with the confidence threshold. For the four-

million-object dataset, a threshold of 0.95 produced predictions of 37,355 C-H objects, 48,695 

Markarian starburst galaxies, and 57,278 sdB subdwarfs. At a threshold of 0.80, the corresponding 

counts increased to 204,382, 184,918, and 133,209. These values demonstrate the effect of 

confidence selection: a high threshold reduces the number of predicted members of each target 

subclass but retains only the model’s more confident assignments. The large-scale counts must 

not be interpreted as a verified census of the full DFBS. They depend on the extraction method, 

the plate sample used for inference, the model’s performance on data that may differ from the 

training set, and the chosen threshold.  

Table 5.7. Model inference results on one million astronomical objects 

Threshold C-H Mrk SB sdB Other 

0.95 10,557 10,237 15,084 964,123 

0.90 23,823 19,044 21,691 935,443 

0.85 38,633 29,163 28,265 903,940 

0.80 56,026 40,609 35,231 868,135 
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Table 5.8. Model inference results on four million astronomical objects 

Threshold C-H Mrk SB sdB Other 

0.95 37,355 48,695 57,278 3,856,673 

0.90 85,379 89,872 82,183 3,742,567 

0.85 139,925 134,719 106,725 3,618,632 

0.80 204,382 184,918 133,209 3,477,492 

 

Taken together, the results show that improved extraction, class-aware training, and the 

provision of a cloud-based workflow can increase the practical utility of an archival classification 

system. At the same time, high accuracy on a selected evaluation dataset is not equivalent to 

guaranteed performance across every plate, magnitude range, or spectral class. Independent 

validation, careful attention to imbalanced categories, and preservation of confidence 

information remain essential when using automated classifications as the basis for astronomical 

samples [28, 29]. 

Table 5.9. Selected performance and inference results reported in the two core studies. 

Study / task Evaluation data Reported result Interpretation 

2021: supervised broad-

group classification [28] 

Five tested classes; initial labeled 

samples were augmented for 

training and testing. 

Overall accuracy approximately 

87%. Class results varied, with 

lower recall for M-type stars. 

Demonstrates scale-up potential but also 

class-dependent performance. 

2021: unsupervised 

classification [28] 
The evaluated low-dispersion 

spectral-image datasets. 
Accuracy approximately 38%; 

reported MSE 0.0012. 

The tested unsupervised approach was less 

effective than supervised learning for this 

task. 

2024: sub-object 

classification [29] 

2,107 training and 405 validation 

samples; C-H, Mrk SB, and sdB 

classes. 

Overall accuracy 96%; class F1-

scores approximately 0.95–0.97. 

Strong performance for the three evaluated 

subclasses; not evidence for all possible 

subtypes. 

2024: broad-group 

classification [29] 
1,478 training and 258 validation 

samples. 

Accuracy 93%, compared with 

88% for the previous framework 

in the paper’s comparison. 

Indicates an improvement under the 

evaluated comparison setting. 

2024: large-scale inference 

[29] 
Datasets of about 1 million and 4 

million extracted objects. 

Predicted counts varied 

substantially as confidence 

thresholds changed from 0.95 to 

0.80. 

Outputs are model predictions, not 

individually confirmed population counts. 
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5.11. Comparative Discussion and Relevance to Infrared-Galaxy Research 

The two studies form a clear methodological sequence. Our study [28] establishes the feasibility 

of using CNNs to classify low-dispersion DFBS spectral images and evaluates supervised and 

unsupervised approaches [28]. Our next work [29] builds on that foundation by improving the 

extraction pipeline, focusing on subtype classification, addressing class imbalance, applying self-

transfer learning, and providing a cloud-based service for training and inference [29]. The later 

work therefore expands both the technical capabilities of the classifier and the means through 

which researchers can use it. 

For the present Thesis, the principal connection is methodological rather than a claim that the 

described models have already classified the complete IRAS PSC/FSC Combined Catalogue or the 

114-object ULIRG/HLIRG sample. The DFBS is an archival optical resource, while the main 

Thesis samples originate from infrared selection and are subsequently investigated through 

optical identification, spectroscopy, and multiwavelength information. A future use of the DFBS 

workflow could help locate archival spectral material for selected sources, support the 

identification of candidate active galaxies, or provide additional context for optical counterparts 

of infrared detections. These applications would require explicit cross-matching, validation of the 

resulting associations, and careful consideration of the spectral information available for each 

object. 

The two studies also complement the emphasis in earlier chapters on selection criteria and 

classification limitations. Chapter 2 demonstrates the value of source-level spectroscopy for BIG 

objects; Chapter 3 shows the importance of controlled catalogue cross-correlation when 

constructing a large extragalactic sample; and Chapter 4 uses spectroscopic classifications to 

investigate the high-luminosity infrared population. The DFBS machine-learning work addresses 

a related problem at the level of digitized plate images: how to make the extraction and 

classification of very large astronomical datasets more systematic and reproducible. 

Several limitations should be retained in any scientific use of these techniques. First, training data 

may not represent the full range of brightness, plate conditions, or spectral diversity in the survey. 

Second, rare subclasses can be underrepresented and confused with more common classes. Third, 

extraction errors may propagate into the classifier, while duplicated observations across plates 
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may produce multiple predictions for the same object. Fourth, confidence thresholds change the 

balance between the number of selected candidates and the reliability expected of their labels. 

Finally, low-dispersion spectral appearance alone cannot always distinguish physical classes that 

require line measurements or higher-quality follow-up spectra. These limitations are reflected in 

the results and scope of the two evaluated approaches [28, 29]. 

Accordingly, the most appropriate role for the DFBS classification methods within the broader 

Thesis programme is as enabling infrastructure. They can assist with exploratory classification 

and candidate selection and can guide the prioritization of objects for more detailed investigation. 

The scientific conclusions concerning infrared luminosity, AGN activity, star formation, and 

galaxy interactions must continue to be grounded in the relevant infrared measurements, reliable 

counterpart associations, spectroscopy, and explicit treatment of selection effects. The DFBS 

methods may support this work, but they do not replace the observational evidence required for 

each individual scientific claim. 

5.12. Summary 

This chapter has examined two connected studies that develop automated classification methods 

for the Digitized First Byurakan Survey. The study [28] introduced image preprocessing, spectral 

extraction, and supervised and unsupervised CNN approaches for classifying selected DFBS object 

groups, reporting approximately 87% overall accuracy for the supervised model and lower 

performance for the tested unsupervised approach [28]. 

The study [29] extended the framework to sub-object classification and a cloud-based machine-

learning service. Its main contributions include an improved four-step extraction pipeline, a 

revised CNN architecture, data augmentation and focal loss, self-transfer learning, and notebooks 

supporting training, evaluation, fine-tuning, and large-scale inference. The paper reported 96% 

accuracy for the evaluated sub-object task and 93% for broad-group classification in its 

comparison framework, while also showing that inferred population counts depend strongly on 

confidence thresholds and require cautious interpretation [29]. 

The two studies demonstrate how the DFBS archive can be developed from a digitized historical 

survey into an increasingly systematic resource for large-scale astronomical analysis. Their 
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relevance to infrared-galaxy research lies in the potential to support optical-source identification, 

candidate classification, and archival follow-up. They provide a methodological complement to 

the BIG, large IRAS extragalactic, and ULIRG/HLIRG investigations developed in the preceding 

chapters, while leaving direct cross-matching and validation for specific infrared samples as tasks 

for future application. 
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6. OVERALL DISCUSSION AND SCIENTIFIC SYNTHESIS 

6.1. Scope of the Research Programme 

This Thesis addresses a central problem in infrared-galaxy research: an infrared detection 

identifies a source of energy, but does not by itself establish the nature of the emitting object, its 

distance, the mechanism powering its emission, or the contribution of possible companions. A 

reliable interpretation requires several connected types of evidence: positional identification, 

optical or multiwavelength counterpart information, spectroscopy, infrared photometry, and an 

assessment of the source environment. The studies presented in Chapters 2–5 approach these 

connected tasks at different scales and should be read as complementary components of one 

research programme. 

Chapter 2 examines the Byurakan-IRAS Galaxy (BIG) sample through optical identification and 

spectroscopy. Chapter 3 extends the work to the 345,163-source IRAS PSC/FSC Combined 

Catalogue and develops a preliminary extragalactic classification through hierarchical catalogue 

cross-correlation. Chapter 4 uses refined positions, SDSS spectroscopy, and four-band IRAS 

photometry to select and classify a high-luminosity sample of ULIRGs and HLIRGs. Chapter 5 

provides the archival and computational context, focusing on the DFBS and two studies of 

automated classification of low-dispersion spectral images. 

The common methodological sequence is therefore: infrared selection, positional refinement, 

counterpart identification, spectral characterization, luminosity determination, activity 

classification, population-level interpretation, and—where suitable data exist—archival 

extension. The main contribution of the Thesis is the connection of these stages while keeping 

their different selection functions and evidential limits explicit. 

6.2. Infrared Selection as the Starting Point 

The IRAS PSC/FSC Combined Catalogue provides the common parent population for the large-

scale identification work and the high-luminosity selection. The catalogue contains 345,163 

sources and was assembled through associations between the Point Source Catalogue and Faint 

Source Catalogue, followed by positional improvement using additional infrared catalogues [6, 
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20]. Its four IRAS bands, especially the 60 and 100 μm measurements, provide the mid- and far-

infrared information needed for identifying and characterizing dust-emitting systems [3, 4, 6]. 

Infrared and optical catalogues have different positional accuracies, IR being much worse. A 

nearest-neighbour association alone can therefore assign the wrong optical counterpart to an 

IRAS detection. The catalogue-construction study addresses this through source-dependent 

search criteria and a hierarchy of known-object catalogues, optical morphology, radio 

information, and Gaia astrometry [20]. The BIG programme provides a complementary source-

level approach in which candidate identification is supported by inspection of low-dispersion 

spectra and follow-up spectroscopy [19]. 

This is an astrophysical rather than merely technical issue. An incorrect counterpart can lead to 

an incorrect redshift, distance, luminosity, and activity classification. Positional refinement and 

explicit treatment of ambiguous associations are therefore integral to the reliability of the 

scientific conclusions drawn from infrared-selected samples. 

6.3. BIG as the Detailed Source-Level Component 

The BIG dataset provides detailed spectroscopic information for a selected set of IRAS-associated 

objects. The revised sample used in this Thesis contains 257 spectra: 56 from the BAO 2.6-m 

telescope, 54 from the 6-m telescope of the Special Astrophysical Observatory, 64 from the 1.93-

m telescope of the Observatoire de Haute-Provence, and 83 from SDSS. In cases where multiple 

spectra of the same object were available from different telescopes or observations, the spectrum 

with the best overall quality was selected for the final dataset. The reported redshift range is 

0.0092 ≤ z ≤ 0.1997, while the absolute magnitudes span approximately −24.46 to −16.81 [2, 19]. 

Because the records include repeated spectral observations and systems with more than one 

optical component, the number of spectra or catalogue records should not automatically be 

interpreted as the number of unique IRAS sources. 

In the detailed classification, 149 records are assigned to HII/star-forming galaxies. The remaining 

records include 17 Seyfert galaxies, 12 LINERs, 22 composite objects, 4 HII/LINER, 2 HII/Seyfert, 

13 AGN (without detailed activity type), 13 normal galaxies, 21 emission-line objects without a 

more specific class, 3 absorption-line systems, and 1 unclassified object. Grouped for synthesis, 
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the categories comprise 42 AGN/Seyfert/LINER records, 28 composite or mixed-class records, and 

the remaining emission-line, normal, absorption, and unclassified categories [2, 19]. 

The predominance of HII/star-forming spectra is a meaningful property of this selected BIG 

dataset, but it should not be generalized to all infrared galaxies: the sample reflects its particular 

identification history, spectroscopic coverage, and observational accessibility. The accompanying 

AGN, Seyfert, LINER, and composite classes demonstrate that strong infrared emission can be 

associated with more than one physical mechanism [2, 19]. 

6.4. Spectroscopic Classification as a Physical Diagnostic 

Spectroscopy supplies information that infrared luminosity alone cannot provide. Emission-line 

strengths, line ratios, line widths, and continuum features help distinguish HII-region emission 

from nuclear activity and separate broad-line from narrow-line AGN. In the BIG sample, 

spectroscopy also provides redshifts and supports the derivation of distances and absolute 

magnitudes. In the high-luminosity sample, the quality and profile of individual SDSS lines are 

especially important because broad permitted components can overlap narrow components, 

while weak diagnostic lines may be affected by noise [19, 23, 63–71]. 

The classification of the 114-object ULIRG/HLIRG sample assigned activity types to 113 objects, 

with one remaining unclassified because of poor spectral quality. The source study used visual 

inspection alongside line-width and line-ratio criteria where the available spectra allowed it; no 

single line ratio is sufficient to replace examination of the full spectrum. The study also compared 

its results with the activity information available from NED: 44 objects had database activity 

information, but only six were judged by this study to be correctly or completely classified [23, 

62]. This comparison illustrates the value of direct spectral examination, particularly for unusual 

or highly luminous objects, without implying that every new classification is free of uncertainty. 

The broader lesson is that classification labels should be interpreted with their data quality and 

decision rules in view. A preliminary catalogue label, a visual spectral classification, and a subtype 

supported by several diagnostic lines do not necessarily have the same evidential strength. 

Preserving uncertain and mixed categories is preferable to forcing every source into an 

overconfident physical interpretation. 
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6.5. From the BIG Population to ULIRGs and HLIRGs 

The BIG sample and the ULIRG/HLIRG sample answer related but different questions. BIG offers 

detailed source-level information for a selected IRAS-associated population. The high-luminosity 

study isolates the extreme end of infrared luminosity from the same Combined Catalogue and 

applies stricter requirements for optical spectroscopy and complete infrared photometry [19, 22, 

23]. The two samples are therefore complementary, but their raw class fractions should not be 

compared as though the samples had identical selection functions. 

The high-luminosity selection began with 6,346 sources having unique SDSS spectroscopic 

counterparts after positional refinement. Of these, 6,270 had flux measurements in all four IRAS 

bands required by the adopted luminosity calculation. Applying the infrared-luminosity 

threshold LIR > 1012 L☉ together with the study’s SDSS spectroscopic magnitude criterion, r < 

17.77, produced 114 objects: 107 ULIRGs and 7 HLIRGs [21, 22]. 

In the comparison with NED reported by the source study, 59 of the 107 ULIRGs were already 

known, leaving 48 newly identified ULIRGs. All seven objects in the selected sample were newly 

recognized as HLIRGs in that study, although two had previously been classified as ULIRGs. This 

distinction matters: a source can be newly assigned to a more luminous classification without 

being a previously unknown astronomical object. The sample’s contribution is the combination 

of a defined selection pathway, complete four-band IRAS measurements for the luminosity 

calculation, and spectroscopic characterization of the resulting high-luminosity population [22, 

23]. 

6.6. Infrared Luminosity and Its Observational Interpretation 

The luminosity analysis in Chapter 4 uses the IRAS flux densities and the adopted distance 

relations based on Duc et al. (1997) [21]. The total infrared luminosity combines measurements 

from the 12, 25, 60, and 100 μm bands, whereas the far-infrared estimate emphasises the 60 and 

100 μm measurements. Requiring all four IRAS flux densities therefore defines the photometric 

completeness of the 6,270-object parent subset used for the high-luminosity selection. The final 

count of 114 is a result of the luminosity and optical-spectroscopic criteria applied to this subset, 

not a count of every ULIRG or HLIRG in the full Combined Catalogue [21, 22]. 
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The luminosity–redshift diagram (Figure 4.1) must be read in the context of these selection limits. 

The apparent concentration of ULIRGs around log(LIR/L☉) ≈ 12.0–12.8 and redshifts of roughly z 

< 0.5 describes the selected sample. Because the optical spectroscopic selection has a magnitude 

limit, more distant objects generally need to be brighter to remain observable and enter the 

sample. The resulting trend is therefore shaped by detectability and sample construction as well 

as by intrinsic luminosity; it is not, by itself, evidence for luminosity evolution [22]. 

This distinction is central to all population-level conclusions in the Thesis. Luminosity is a 

physical property derived from measured fluxes and adopted distances, but which objects enter a 

sample is governed by additional photometric, positional, and spectroscopic criteria. Claims about 

the abundance or evolution of ULIRGs and HLIRGs require a fuller treatment of completeness 

and selection effects than the 114-object sample alone provides. 

6.7. Star Formation, AGN, and the Activity Sequence 

The activity distribution of the high-luminosity sample shows that high infrared luminosity does 

not correspond to one unique excitation mechanism. Under the grouping used by the 

spectroscopic study, the 114 objects include 36 HII galaxies, 28 broad-line Seyferts, 14 LINERs, 

11 composite objects, 9 narrow-line AGN, 6 narrow-line Seyferts, 3 BLL/QSO objects, 3 emission-

line objects, 3 absorption-line objects, and 1 unclassified source [23]. This mixture supports the 

interpretation that both star formation and nuclear activity contribute to the observed properties 

of highly luminous infrared galaxies, with some sources showing composite or ambiguous 

signatures. 

Compared with the HII-dominated BIG classification, the high-luminosity sample contains a 

more prominent contribution from broad-line and other AGN-related classes (i.e. high optical 

luminosity objects). This is an important observational difference between the selected samples, 

but not a controlled measurement of a single evolutionary sequence: the selection criteria, 

luminosity ranges, optical limits, and sample sizes differ. The results are consistent with a greater 

prominence of AGN-related activity among these selected high-luminosity objects, but do not 

establish that starburst activity necessarily triggers an AGN or that one phase must follow the 

other [2, 19, 22, 23]. 



 

100 

 

The SDSS u−g and g−r colour analysis provides an additional observational dimension. The 

reported means suggest a broad tendency for some of the more AGN-dominated groups to be 

bluer and to have higher mean infrared luminosities than lower-activity groups. The trend is not 

strictly monotonic across every class, and the number of objects in some classes is small. Redshift, 

dust extinction, the optical magnitude limit, and the selection of objects with usable spectra can 

all affect the observed colours. The colour diagrams should therefore be interpreted as properties 

of the selected sample and possible indicators for follow-up, not as a universal one-parameter 

activity or evolutionary track [23]. 

6.8. Interactions and the Nature of the Infrared Source 

An infrared detection does not always correspond to one isolated optical galaxy. A single IRAS 

source can have more than one plausible optical counterpart, and interacting or multiple systems 

may contribute jointly to the measured infrared flux. The broader BIG review reports 361 groups 

containing 907 counterparts, with at least two spectroscopically observed members in 31 groups 

[2]. These catalogue-level groupings establish the importance of treating multiplicity as part of 

the identification problem, while individual systems still require evidence to distinguish physical 

association from chance projection. 

This issue matters directly for luminosity interpretation. If the infrared flux of a multi-component 

system is assigned entirely to one galaxy, the inferred luminosity of that component may be 

overstated; if the emission is shared, the physical unit relevant to the infrared measurement may 

be the interacting system rather than an individual member. The BIG and high-luminosity studies 

therefore motivate a systematic comparison of isolated galaxies, pairs, multiples, and mergers, 

with particular care in connecting infrared positions to optical morphology and spectroscopic 

redshifts [2, 19, 22, 36]. 

The material assembled for this Thesis supports the conclusion that interacting and multiple 

structures are important features of infrared-galaxy research. It does not establish a universal 

interaction-driven evolutionary sequence, nor does the presence of a companion alone prove that 

an interaction caused the observed luminosity or nuclear activity. Those questions require 

controlled samples and direct physical evidence. 
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6.9. The Large Extragalactic Sample and the Problem of Completeness 

The classification of the IRAS PSC/FSC Combined Catalogue provides the broad population 

framework for the source-level and high-luminosity studies. At the stage reported in Chapter 3, 

the 345,163 catalogue entries were divided into 183,168 star candidates, 80,998 unknown sources, 

68,940 galaxy candidates, and 12,057 confirmed or genuine galaxies or QSOs [6, 20]. These 

categories distinguish levels of identification confidence rather than final, immutable physical 

identities. 

The method combines positive identification from known extragalactic catalogues with optical 

morphology, radio information, and Gaia-based stellar rejection. The results demonstrate the 

value of using several independent datasets, but catalogue matches can overlap and individual 

cross-correlation match counts cannot be added as if each represented a disjoint set of sources. 

Likewise, the remaining unknown category can include faint galaxies, other astronomical 

sources, unreliable detections, or contaminated measurements; it should not be interpreted as an 

additional galaxy population without further verification [20]. 

The sample is therefore preliminary, but valuable. It separates secure identifications from 

candidates that require further examination and supplies a large parent population for future 

luminosity and morphology studies. Before deriving population frequencies or luminosity 

functions, however, the catalogue will need further source validation, consistent treatment of 

ambiguous matches, and an explicit assessment of completeness and selection effects. 

Nevertheless, the sample of some 80,997 extragalactic objects may serve as the biggest sample of 

IR galaxies and QSOs for further statistical analysis and studies [20].  

6.10. Role of ArVO and the BAO Archive in the Overall Methodology 

The Armenian Virtual Observatory (ArVO), the BAO Plate Archive, and the Digitized First 

Byurakan Survey (DFBS) provide the archival and computational context for extending the use 

of historical observations. The BAO Plate Archive project reports approximately 37,000 

photographic plates and films, of which 30,121 had been digitized at the reported stage. The DFBS 

is based on 1,874 plates and contains approximately 20 million objects and about 40 million 

extracted low-dispersion spectra [25–27]. These resources complement modern IRAS, WISE, 
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AKARI, SDSS, Gaia, and radio catalogues by retaining historical optical information in digital 

form, including thousands of objects related to this study: Markarian galaxies and IR galaxies. 

The two machine-learning studies discussed in Chapter 5 address different stages of automated 

spectral-image analysis. The study [28] applied supervised and unsupervised CNN methods to 

selected DFBS object classes. It reported approximately 87% overall accuracy for its supervised 

model and substantially lower performance for the tested unsupervised approach, with class-

dependent performance and lower recall for M-type stars [28]. The  study [29] extended the work 

to selected subtypes and a cloud-based service. It reported 96% accuracy for the evaluated sub-

object task and 93% for broad-group classification under its comparison setting; the study also 

showed that large-scale predicted counts varied with the adopted confidence threshold [29]. 

These values describe the evaluated datasets and tasks, not guaranteed performance across every 

DFBS plate or class. 

The role of these methods in this Thesis is methodological. They demonstrate a way to extract, 

classify, and prioritize very large sets of archival spectral images, but the studies have not directly 

classified the complete IRAS PSC/FSC Combined Catalogue or the 114-object ULIRG/HLIRG 

sample. Any future connection would require explicit positional cross-matching, attention to 

duplicate observations, validation of the associations, and independent evaluation on spectra that 

represent the intended target population. Automated classification can assist candidate discovery 

and prioritization, but does not replace the measurements and spectral evidence needed for a 

physical conclusion [28, 29]. 

6.11. Unified Methodological Framework 

The main research components can be understood as stages that reduce different uncertainties. 

The BIG study supplies detailed spectroscopy for selected IRAS-associated records; the larger 

catalogue study uses multiple catalogues to classify a much larger source population; the 

ULIRG/HLIRG work applies stricter photometric and spectroscopic requirements to a high-

luminosity subset; and ArVO/DFBS methods support the preservation, retrieval, extraction, and 

potential scalable analysis of archival observations. The components are related, but they do not 

share identical samples or selection functions. 
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Table 6.1 summarizes the main evidence and contribution of each component, together with the 

most important qualification needed when interpreting its results. 

Table 6.1. Integrated synthesis of the principal research components. 

Research 

component 
Data and method Contribution and interpretive limit 

BIG sample 

IRAS identification and optical 

spectroscopy; 257 medium-

resolution spectra from four 

facilities. 

Redshifts, optical magnitudes, activity types, 

and evidence for pairs and multiple systems. 

The sample is selected and combines 

heterogeneous observations. 

Large IRAS 

extragalactic 

sample 

345,163-source Combined 

Catalogue; hierarchical catalogue 

matching, optical morphology, 

radio data, and Gaia astrometry. 

12,057 confirmed/genuine galaxies or QSOs, 

68,940 galaxy candidates, 183,168 star 

candidates, and 80,998 unknown sources at 

the reported stage. The classification remains 

preliminary. 

ULIRG/HLIRG 

sample 

WISE-based positional 

refinement, SDSS spectroscopy, 

four-band IRAS photometry, and 

infrared-luminosity selection. 

114 selected objects: 107 ULIRGs and 7 

HLIRGs. Results depend on spectroscopic, 

photometric, and magnitude limits and are 

not a volume-complete census. 

ArVO, BAO 

archive, and DFBS 

classification 

Digitized photographic plates and 

low-dispersion spectra; automated 

extraction, CNN classification, and 

cloud-based workflows. 

Supports preservation and scalable 

exploration of archival data. The models of 

[28, 29] have not been directly applied to the 

complete IRAS sample in the work presented 

here. 

 

6.12. Methodological Strengths and Limitations 

A principal strength of the research programme is the use of complementary information. 

Infrared photometry identifies dust-emitting sources, higher-precision catalogue positions 

improve counterpart associations, spectroscopy supplies redshift and activity diagnostics, radio 

data provide independent extragalactic evidence, Gaia astrometry helps identify stellar 
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contaminants, and archival images and spectra extend the available observational history. 

Agreement among independent data sources strengthens identification, while explicit candidate 

and unknown categories retain uncertainty instead of masking it. 

A second strength is the combination of scales. The 257-spectrum BIG dataset permits detailed 

source-level examination; the 345,163-source Combined Catalogue provides a broad parent 

population; the 114-object ULIRG/HLIRG sample isolates the most luminous systems under 

defined criteria; and the DFBS studies address scalable archival image extraction and 

classification. This combination connects object-level diagnostics with catalogue-level population 

analysis and with methods intended to exploit historical data more efficiently. 

The limitations follow from the same design. BIG combines spectra obtained with different 

facilities and is not a homogeneous volume-limited survey. The large IRAS extragalactic 

classification is preliminary and retains a substantial unknown category. The ULIRG/HLIRG 

sample is constrained by the availability of SDSS spectroscopy, complete IRAS photometry, and 

the adopted magnitude limit. Spectroscopic classifications depend on signal-to-noise, line 

visibility, and the classification criteria used. Interacting systems complicate the association of an 

infrared flux with an individual optical component. Finally, the DFBS classification results are 

class- and dataset-dependent; the high-confidence performance on selected samples cannot 

automatically be extended to the full archive or to infrared-selected samples. 

These limitations do not negate the value of the results, but define their proper scope. The Thesis 

supports observational conclusions about the samples actually selected and examined; it does not 

establish a complete census of all IRAS galaxies, a universal activity sequence, or a causal 

evolutionary relation between star formation, AGN activity, and interactions. 

6.13. Scientific Implications and Future Research 

The first priority is to continue validating the large IRAS extragalactic catalogue. Secure 

counterparts, ambiguous associations, galaxy candidates, star candidates, and unknown sources 

should remain distinguishable, with new evidence incorporated in a way that preserves the 

history and confidence of each classification. A validated parent sample would provide a firmer 

basis for statistical comparison with BIG and for selecting further ULIRG and HLIRG candidates. 
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The second priority is to extend the luminosity and multiwavelength analysis to a larger and 

better-characterised population. The available IRAS fluxes can be combined with WISE, AKARI, 

SDSS, and other measurements to investigate infrared-to-optical properties by activity class. Such 

comparisons should account for redshift, photometric limits, data availability, and uncertainty, 

and should not treat observed colour or flux-ratio trends as direct evidence of causation. 

The third priority is a systematic study of morphology and multiplicity. A consistently defined 

sample could compare isolated objects, pairs, multiple systems, and merger candidates across 

infrared luminosity and spectroscopic activity. This should include assessment of whether one 

optical component or the system as a whole is the most appropriate counterpart to the IRAS flux, 

and whether available spectra establish a physical association rather than a projected alignment. 

The fourth priority is to test the application of DFBS extraction and machine-learning tools to 

sources selected from the IRAS programme. A practical workflow would cross-match 

IRAS/WISE/SDSS positions with archival coverage, extract relevant DFBS images, retain 

extraction and classification confidence measures, remove duplicate detections where 

appropriate, and validate the output against independently classified spectra. Independent test 

data, class-specific metrics, and explicit threshold choices would be needed before using model 

predictions in population statistics. 

Finally, follow-up spectroscopy and reproducible data products would strengthen all four lines 

of work. Higher-quality spectra can resolve uncertain activity classes, while documented 

selection rules, calibrated catalogue fields, clear source provenance, and accessible data products 

would enable other researchers to reproduce the construction of samples and test the resulting 

interpretations. 

6.14. Chapter Summary 

The Thesis brings together four closely connected research components: detailed optical and 

spectroscopic study of BIG objects; preliminary extragalactic classification of the IRAS PSC/FSC 

Combined Catalogue; selection and spectral characterization of a high-luminosity sample 

containing 107 ULIRGs and 7 HLIRGs; and archival infrastructure and machine-learning 

methods based on ArVO, the BAO Plate Archive, and DFBS. Each component addresses a 
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different part of the path from infrared detection to physical interpretation, and each contributes 

evidence at a different scale. 

Taken together, the results demonstrate the value of combining infrared selection, positional 

refinement, spectroscopy, luminosity analysis, activity classification, morphological context, and 

archival data methods. They also show why uncertainty must remain visible: the large 

extragalactic classification is preliminary, the high-luminosity sample is selection-limited, the 

interpretation of activity and colour distributions is not causal, and the DFBS machine-learning 

methods have not yet been directly applied to the complete IRAS sample. The resulting 

framework provides a basis for further validated sample construction and for more systematic 

studies of infrared luminosity, star formation, nuclear activity, and galaxy interactions. 
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CONCLUSION 

This Thesis has investigated infrared galaxies selected from the IRAS PSC/FSC Combined 

Catalogue through four connected research components: optical identification and spectroscopy 

of the Byurakan-IRAS Galaxy (BIG) sample; construction of a large preliminary extragalactic 

classification of the Combined Catalogue; selection and spectroscopic study of high-luminosity 

infrared galaxies; and the development of archival and computational methods associated with 

the Armenian Virtual Observatory (ArVO), the Byurakan Astrophysical Observatory (BAO) 

Plate Archive, and the Digitized First Byurakan Survey (DFBS). Taken together, these studies 

show that the physical interpretation of an infrared detection depends on the coordinated use of 

positional, photometric, spectroscopic, and contextual information rather than on infrared flux 

alone. 

The BIG component provides source-level spectroscopic information for the revised dataset of 

257 spectra, assembled from observations with the BAO 2.6-m telescope, the 6-m telescope of the 

Special Astrophysical Observatory, the 1.93-m telescope of the Observatoire de Haute-Provence, 

and the Sloan Digital Sky Survey. The reported redshift interval is 0.0092 ≤ z ≤ 0.1997, and the 

absolute magnitudes span approximately −24.46 to −16.81. HII/star-forming objects form the 

largest activity category, while AGN, Seyfert, LINER, Composite, mixed, emission-line, normal, 

absorption-line, and unclassified records are also represented. Because the dataset combines 

observations from different facilities and includes repeated records and systems with multiple 

optical components, its counts should be interpreted as a spectroscopic sample rather than as a 

homogeneous census of unique IRAS sources. 

At the larger catalogue scale, the IRAS PSC/FSC Combined Catalogue provides a parent 

population of 345,163 sources. The hierarchical cross-correlation analysis produced 12,057 

confirmed or genuine galaxies or QSOs, 68,940 galaxy candidates, 183,168 star candidates, and 

80,998 sources that remained unknown at the reported preliminary stage. These categories 

provide a structured basis for continued investigation, but they do not constitute a final, fully 

verified classification of every source. In particular, the candidate and unknown groups require 

further validation, and overlapping catalogue matches must not be interpreted as independent 

objects. 
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The high-luminosity study illustrates how positional refinement and multiwavelength selection 

can lead from a very large infrared catalogue to a well-defined sample for detailed analysis. Of 

6,346 sources with unique SDSS spectroscopic counterparts, 6,270 had measurements in all four 

IRAS bands required by the adopted luminosity calculation. Applying the infrared-luminosity 

threshold and the SDSS spectroscopic magnitude criterion yielded 114 objects: 107 ULIRGs and 

7 HLIRGs. In the source study’s comparison with NED, 48 ULIRGs were newly identified, while 

all seven objects were newly recognized as HLIRGs in the selected sample; two of those seven 

had previously been classified as ULIRGs. Thus, “newly identified as HLIRGs” does not 

necessarily mean that every such object was previously unknown as an astronomical source. 

Spectroscopic analysis assigned activity classifications to 113 of the 114 high-luminosity objects; 

one remained unclassified because of poor spectral quality. The resulting population includes HII 

galaxies, broad- and narrow-line Seyferts, LINERs, composite systems, narrow-line AGN, 

BLL/QSO objects, and other emission- and absorption-line types. Comparison with the activity 

information available in NED also showed the value of direct spectral inspection for this selected 

sample. These classifications nevertheless depend on spectral quality and on the availability of 

diagnostic lines, so mixed and uncertain categories remain important parts of the scientific 

interpretation. 

Across the samples, high infrared luminosity cannot be equated automatically with either 

starburst activity or AGN activity. The observations reveal systems dominated by star formation, 

systems with evidence of nuclear activity, and composite or ambiguous cases. The high-

luminosity sample contains a substantial contribution from AGN-related types, but the observed 

differences between activity types, luminosity, redshift, and optical colour do not establish a 

causal evolutionary sequence between starbursts and AGN. These trends must be interpreted in 

the context of optical magnitude limits, spectroscopic availability, photometric requirements, and 

other selection/limitation effects. The high-luminosity sample is suited to the characterization of 

selected objects, not to a volume-complete census of all ULIRGs and HLIRGs. 

Interacting, binary, and multiple systems provide an additional reason to examine the optical 

environment of infrared detections. When more than one optical component lies within the 

relevant infrared positional region, the measured infrared emission may arise from one galaxy or 
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from the system as a whole. This affects counterpart assignment and can influence the inferred 

distance, luminosity, and physical interpretation. The identification of such systems therefore 

motivates future work that combines reliable counterpart association with resolved imaging and, 

where possible, spectroscopy of multiple components. 

The archival component extends the Thesis beyond modern survey catalogues. The BAO Plate 

Archive preserves a substantial historical observational record, while the DFBS provides digitized 

low-dispersion spectra derived from 1,874 plates and covering approximately 20 million objects 

with about 40 million extracted spectra. Our work [28] reported an overall supervised-

classification accuracy of approximately 87% for its evaluated object classes, whereas the study 

[29] reported 96% accuracy for its tested sub-object task and 93% for its broad-group comparison. 

These figures belong to different experiments and datasets and should not be treated as a direct 

like-for-like performance comparison. The studies demonstrate the potential of automated 

extraction and classification for archival data, while also showing that class imbalance, training-

set coverage, image quality, and confidence thresholds affect interpretation. 

The principal contribution of the Thesis is the integration of these complementary approaches 

into a coherent methodology for infrared-galaxy research. The BIG sample supplies detailed 

spectroscopic characterization; the Combined Catalogue analysis establishes a broad but still 

preliminary classification framework; the ULIRG/HLIRG study examines the high-luminosity 

end of the selected IRAS population; and ArVO, the BAO Plate Archive, and DFBS provide 

resources and methods for extending the analysis to historical data. The principal limitations are 

likewise clear: the large-catalogue classifications require further verification, the spectroscopic 

samples are not uniformly selected, optical and photometric limits shape the high-luminosity 

sample, some spectra do not support secure fine classification, and the DFBS machine-learning 

methods have not yet been directly applied to the complete IRAS Combined Catalogue or to the 

114-object ULIRG/HLIRG sample. 

Future work should therefore prioritize validation and expansion rather than treating the present 

samples as final censuses. Important next steps include refining ambiguous counterpart 

associations, verifying candidate galaxies and unclassified infrared sources, consistently 

documenting the selection functions of the different samples, and studying pairs and multiple 
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systems with resolved multiwavelength observations. A further methodological direction is to 

cross-match archival DFBS coverage with selected IRAS sources and evaluate automated 

extraction and classification against independently classified spectra before using model outputs 

in population statistics. Within these limits, the Thesis establishes an observational and 

methodological foundation for more systematic studies of infrared luminosity, star formation, 

nuclear activity, and the role of galaxy interactions in shaping the observed properties of infrared 

galaxies. 
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LIST OF ACRONYMS 

Table A.1. Acronyms and abbreviations used in the Thesis 

Acronym / label Meaning / definition 

2MASS Two Micron All Sky Survey 

AGN Active Galactic Nucleus / Active Galactic Nuclei 

AKARI Meaning “light” in Japanese 

APM Automated Plate Measurement Machine 

ArVO Armenian Virtual Observatory 

BAO Byurakan Astrophysical Observatory 

BIG Byurakan-IRAS Galaxies 

BLL BL Lacertae object 

BLS Broad-Line Seyfert 

BZCAT Roma-BZCAT, Multi-Frequency Catalogue of Blazars 

CNN Convolutional Neural Network 

Comp. Composite spectrum galaxy 

DENIS Deep Near-Infrared Survey of the Southern Sky 

DFBS Digitized First Byurakan Survey 

DR Data Release 

DR16Q Sloan Digital Sky Survey Data Release 16 quasar catalogue 

FBS First Byurakan Survey 

FIR Far-InfraRed 

FIRST Faint Images of the Radio Sky at Twenty Centimeters survey 

FIS Far-Infrared Surveyor, an AKARI instrument 

FITS Flexible Image Transport System, the standard format used for astronomical data 

FSC Faint Source Catalogue (IRAS) 

FWHM Full Width at Half Maximum 

HII Ionized hydrogen region / HII galaxy 

HLIRG Hyper-Luminous Infrared Galaxy 

HYPERLEDA Extragalactic galaxy database used for catalogue matching and galaxy identification 

IPAC Infrared Processing and Analysis Center 

IR InfraRed 

IRAS InfraRed Astronomical Satellite 

IRC InfraRed Camera, an AKARI instrument 

ISO InfraRed Space Observatory 

IVOA International Virtual Observatory Alliance 

JWST James Webb Space Telescope 

LAC Lacertae 

LINER Low-Ionization Nuclear Emission-line Region 

LIRG Luminous InfraRed Galaxy 

LQAC Large Quasar Astrometric Catalogue 

MIR Mid-InfraRed 

ML Machine Learning 

Mrk Markarian designation 

MSE Mean Squared Error 

NED NASA/IPAC Extragalactic Database 

NGC New General Catalogue 

NIR Near-InfraRed 

NLAGN Narrow-Line Active Galactic Nucleus 
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Acronym / label Meaning / definition 

NLQSO Narrow-Line Quasar 

NLS Narrow-Line Seyfert 

NRAO National Radio Astronomy Observatory 

NVSS NRAO VLA Sky Survey 

OHP Observatoire de Haute-Provence 

PN Planetary Nebula 

PSC Point Source Catalogue (IRAS) 

QSO Quasi-Stellar Object (quasar) 

RC3 Third Reference Catalogue of Bright Galaxies 

ResNet Residual Network, a neural-network architecture 

SAO Special Astrophysical Observatory 

SB Starburst galaxy 

sd Subdwarf 

sdA Subdwarf A star 

sdB Subdwarf B star 

sdO Subdwarf O star 

SDSS Sloan Digital Sky Survey 

SFR Star-Formation Rate 

Sy Seyfert 

ULIRG Ultra-Luminous InfraRed Galaxy 

VLA Very Large Array 

VO Virtual Observatory 

WISE Wide-field Infrared Survey Explorer 
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