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ABSTRACT 

This research examines the origin, development and distribution of life throughout our planet and analyses the 

potential of life beyond the Earth. Astrobiology has always included in situ investigation, as well as solar and 

extrasolar spectroscopy, in the hunt for extraterrestrial life and alien intelligence in the extra celestial universe. 

This review brings together numerous views on the origin of life and the expected evidence for earliest life on 

and beyond the earth. The emergence of extremophiles on Earth has provided us with proof of the limitations 

of living forms and their survival in ways we could have never possibly predicted.In conclusion, Astrobiology is 

consistently keeping us well-informed with its chase for life in the cosmos which might be the key to the future 

of our human civilization.  
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I. INTRODUCTION 

For more than 3.5 billion years in the past, life has remained convenient due to Earth's climatic condition 

irrespective of a substantial gain in solar radiance, presumably because of earlier higher concentrations of 

Carbon Dioxide (CO2) and/or Methane (CH4). The Earth's climatic conditions got steadied by the negative 

feedback loops in which these gases are combined.  

When the Earth's climate stabilised, microbial life emerged, capable of thriving and flourishing in extremes of 

temperature, as well as in circumstances of high acidity, salinity, alkalinity, and heavy metals concentration, all 

of which are potentially lethal. These creations brought a broad variety of life forms near the seabed, 

hydrothermal vent systems, polar ice caps, etc.  However, due to a lack of sunlight, certain bions have evolved 

that rely on chemical energy to survive. This ignites the potential of the solar system to create a similar 

environment beyond earth. 

The Earth's atmosphere today is similar to that of the Early Earth, where life first appeared. Fortunately, we can 

research fundamental components such as volatiles and biologics, as well as their supply systems and 

mechanisms, along with prebiotic chemical techniques that have been preserved for us as a collection of natural 

labs and lead to the genesis of life in the solar system. We've seen direct evidence of life's synergy with its 

environment as the planet evolved, as well as the shifting modifications that life has gone through. 

Recently, enormous planets have been found close to the other stars. The appearance and consequent 

development of atmospheric oxygen and serve as life markers on other distant worlds However, until Earthlike 

planets are found, this is simply a question of time. The answer to whether any exoplanet supports life is 

dependent on the overabundance of volatility, such as water, and its climatic conditions. Only planets are 

regarded to be habitable within the fluid-water habitable zone that is able to support life on their surfaces and 

so can be studied remotely to determine if such planets are inhabitable. 

Providentially, current projections for Habitable Zones are wide around mainstream stars that are not too 

different from our sun. This is based upon studies of how our planet has developed and may teach us a great 

deal about the diversity of life and predictions that other worlds might survive. This review covers what creates 

a living planet and how indications of life may be detected. 

II. EVOLUTION OF ASTROBIOLOGY 

Astrobiology is defined in the NASA Astrobiology Institute (NAI 2004) as the ‘Study of the living universe’, 

which describes Astrobiology as a search for alien life in the cosmos. This could be an appropriate method to 

strive for life abroad, driven by our awareness of the origin and development of life on this earth. Astrophysicist 

Otto Struve (1955) was the person who coined the term "Astrobiology" which was later adopted by NASA in 
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1995. The term 'Exobiology' was generally accepted in U.S. space science before the advent of 'Astrobiology. As 

in "Exobiology," "Astrobiology" prevents the combining of the roots of Greek and Latin terms. 

The International Astronomical Union practices the term "Bio Astronomy."  However, the phrase 'Bio 

Astronomy’ is hardly mentioned outside of that body's meetings and activities. Consequently, although 

historical point requires a different choice but the current U.S. practice affiliate the term 'Astrobiology'. Thus, 

despite historical points necessitates another alternative, the word 'Astrobiology' is connected with 

contemporary US practice. 

III. WHAT IS LIFE? 

As science advances toward inferring the origin of life on Earth, scientists conclude with a fundamental 

statement that 'No organic molecules mean No life'. The designs of the spacecraft life detection experiments 

give certain or absolute ideas about what constitutes life and which measures will be appropriate for its 

existence to be confirmed. Scientists are currently searching for extraterrestrial life using three methods, 

including: 

3.1 In situ method of explorations in the Solar System;  

3.2 The spectral analysis of planetary atmospheres for the biochemical indication of life. 

3.3 Searches for the sign of extraterrestrial technology.  

Life on Earth resembles an urgent requirement for water. The NASA Mars Mission program in its slogan 

"Follow the water" shows this requirement, as its strategy to answer the issue of whether there is life on Mars. 

IV. EVIDENCE AND POSSIBILITY OF LIFE 

The Earth's most vital characteristic is its habitability for the survival of life-forms such as mankind. Using the 

knowledge of habitability to determine the nearest living planet, which can be vital for our species durability. In 

the last decade, the universe was predicted to fill with inhabitable planets that had been produced by a frequent 

widening of terrestrial environments known to shelter life and change of circumstances on rocky exoplanets 

that were newly found. 

Temperature and the existence of water are the major forces that might be accepted in a habitability 

categorization system for rocky planets, according to the populated and unpopulated areas of Earth. Our study 

of recent exoplanet discoveries strongly suggests that the ratio of stars to planets is 100 percent. The 

assessment extends to the circumstellar living zone that involves an  

4.1 Abiogenesis habitable zone and  

4.2 Galactic habitable zone. 

It is even feasible to experience an alien biological environment in a way that is opposed to life on Earth, where 

the primary solvent is a nonpolar liquid. Saturn's Moon Titan will shed some light on these possibilities, may be 

able to explain organic chemistry. Titan's surface conditions hold the nonpolar compounds methane and ethane 

to exist as liquids. Titan appears to possess a meteorological cycle based on methane concentration. The Titan 

exploration and especially its biochemical tests have provided a clear indication of the potential for alternate 

non-polar biology for non-polar solvents. 

In a condition like an extraterrestrial alien environment where there is an inadequate reach of sunlight say, in 

the icy capped ocean just like in Jupiter’s moon Europa, biological consideration in such conditions is focused 

on the approach of generating electron donors and acceptors independent of sunlight. In contrast to Earth life, 

the capture of energy via electromagnetic fields, kinetic energy, gravity, or another source may blend the 

predictions for alternate biological energies. The search of life in our solar system has focused on objects where 

liquid waters may or may have existed as in Mars and Europa, as well as other large icy-satellites that can 

possess subsequent oceans and the once liquid deep within large asteroids or comets, because of the demand 

for liquid waters in terrestrial lives.  In most cases, the primitive chemistry of Earth concentrates on transient 

and impact-driven liquid water conditions where Titan reaches out to be exceptional. 
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Figure 1: In the year 2013, a cell fragment was found by a balloon flight in the upper atmosphere, a group of 

British scientists claimed that it may serve as confirmation of life from space. 

Our opinion concerning the cosmos is now transformed by the detection of exoplanets that orbits around other 

sun-like stars. Some of the early results show that it consists of a range of rocky planets in a habitable region. 

Even our nearest star Proxima Centauri has a tiny planet in its inhabited area called Proxima b. With the 

introduction of the next generation of modern telescopes, we will be capable to gaze into the rugged planetoid 

atmosphere and get a glance into distant worlds. With the aid of our planet and its vast diversity, searches have 

made it possible to seek evidence of life in celestial planets and explore habitability over stellar horizons. 

Prevailing telescopes are not yet powerful enough to identify habitable exoplanets but are predicted to be able 

to intimate nearby habitable worlds in the promising future by the advance of telescopes that have already 

been created. 

V. EXPLORATION OF EXTRATERRESTRIAL LIFE 

Extraterrestrial Biology appears to be a possibility because the world beyond Earth is comparable in several 

fundamental ways to the cosmos with which we have direct experience on Earth. Human history has evolved 

the technology to discover possibly inhabitable worlds for the first time in a decade. Thousands of exoplanets 

have been discovered, expanding the discipline of comparative planetology beyond our Solar System. 

5.1. METHODOLOGIES: 

5.1.1.  IN SITU EXPLORATION:  

Apart from the vast differences between H2 and He, this method is preferred to demonstrate the synthetic 

integrity and the connection between the Earth and stars. The way in which materials like as asteroids, the 

Moon, Mars, and other objects are processed or gathered and widely utilised throughout the exploration of the 

Universe would be often referred to as In Situ Utilization (ISRU). It replaces supplies that would otherwise have 

been shipped from earth. Construction materials, life support items, explosives, and even space research teams 

are all supplied by the ISRU. 

The exploration of distinct life on other worlds is one of the most difficult challenges in the field of Astrobiology. 

A study was conducted on the surface of Mars to identify the presence of Organic Molecules, which proved 

unsuccessful due to the inability to regulate unstable compounds after heating the specimen, as well as a new 

understanding of the chemistry of Martian soil. As a result, astrobiologists are encouraging contemporary 

technology and methodologies. 

Researchers and scientists have devised and presented a group of tools known as the "Signs of Life Detector" or 

SOLID, which is a microarray of protein-based technology, in order to have an AI-controlled in situ exploration 
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and to classify the objects or analytes from soil and liquid, powder samples, or sediments. Throughout the 

presentation, SOLID3 detected a broad range of compounds with varying atomic sizes, ranging from proteins 

and peptides with sensitivity of 1–2 ppb to spores and entire cells with 104 to 103 spores per millilitre of 

output.Its main emphasis is on the detection of acidophilic bacteria at the Rı'o Tinto Mars, which records that 

the immunoassay in the presence of 50 mM perchlorate is not adequated and is greater than the one found at 

the Phoenix site by 20 times. By circumventing high-temperature treatments, in the presence of Mars oxidants, 

organic chemical substances may be damaged. The SOLID device's idea proves to be a huge assistance to 

astrobiologists, since it allows for easier biomolecule identification. 

5.1.2.  SPECTROSCOPY: 

With evidence that Earth-like planets are abundant, Giagantic telescopes were developed to detect oxygen 

within a few of transitions. Flux-collector telescopes with enormous collecting capacities were equipped with 

high-dispersion spectrographs capable of creating the vast convergence area needed to prove an analytical 

examination of life-supporting planets in the cosmic neighbourhood.Hence, the detection of oxygen is 

prioritised in the first step, and the sign for biological approaches will require a thorough examination of the 

planetary atmosphere's composition, and the application of potential analytical proof on the abundance of the 

planet's atmosphere that is rich in oxygen as a function of Stellar action, Stellar Radiation level, and Planet 

size.Using ground-based high-dispersion spectroscopy, researchers may look at the strength of biomarker 

signals in an Earth twin atmosphere.     

5.1.2.1 SIMULATION OF OXYGEN IN TRANSMISSION IN A TWIN-EARTH  ATMOSPHERE: 

The best-fit model of the carbon monoxide signal in the dayside spectrum of Bootis b. discovered by Brogi (et al. 

2012) was linked with what was seen using current-day equipment using this approach. It was observed that 

the O2 lines are 2-3 times fainter than the CO factor, therefore providing the winning probability of the presence 

of oxygen in a twin-like Earth environment. 

 5.1.2.2 THE BRIGHTEST TRANSITING TWIN-EARTH SYSTEMS: 

The major complications arise from the required weakness of the closest late M dwarf with a twin Earth 

transition, requiring significant usage of a gigantic telescope which converges more surface than the present 

one. According to speculation, every year a twin earth planet would orbit once around a Sun-like star. However, 

it has a transition time of 13 hours that may be observed from a specific location on Earth. The orbiting 

duration within the late M5 dwarf habitable zone is predicted to be 11.8 days (about 1 week 5 days), making it 

longer than the magnitude order, which is faster to reach a particular detection level by combining numerous 

transits. 

5.1.2.3 EXTREMELY LARGE TELESCOPE SIMULATIONS: 

Researchers used a 39-meter-long European Extremely Large Telescope (EELT) to perform a complete 

observational experiment with an Earth-twin planet penetrating the late M dwarf. A planet with similar 

radiation characteristics to the Earth should maintain an orbital length of 0.054 AU, implying an orbital period 

of 11.8 days, according to this experiment (about 1 week 5 days). It should, however, be noted that since the 

Earth's atmosphere does not resist, the JWST targets the 9.6μm O3 during secondary eclipse by 1 0 times more 

effectively. Overall, the EELT is produced at an order of more efficiency than the JWST, which supports the 

discovery of biomarker gases in parallel earthly habitat.    

5.1.2.4 FLUX-COLLECTOR TELESCOPES: 

Using the converging area perspective principle, it is suitable for high-dispersion spectroscopy of light to utilize 

EELT and the added designed gigantic telescopes that were constructed to produce high sensitivity along with 

the most eminent potential angular resolution and quality of the image over a broader viewpoint. It is suitable 

for high-dispersion spectroscopy of light to use EELT and the additional built gigantic telescopes that were 

created to generate high sensitivity along with the most prominent potential angular resolution and image 

quality over a larger viewpoint using the converging area perspective principle. The majority of starlight is 

focused in a region shorter than 100 arcsec2. Telescope operations with poor image quality, such as Cherenkov 

telescopes like the High Energy Stereoscopic System, are made up of one 28 m telescope and four 12 m 

telescopes with a point spread of 100 arcsec, which is insufficient. 
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Telescopes with an optically reflecting covering, such as submillimeter telescopes, would have higher image 

quality. Significant improvements are needed in the design of the spectrometer to enable high dispersion 

spectroscopy for flux collectors.Researchers can only estimate how the excess of oxygen changes on other life-

supporting planets as a function of height. The sky's contribution to a 5 arcsec diameter aperture during a full 

moon is less than 3% of that from an I = 12 megastar, providing little or no to the sound budget. The use of flux 

collectors in optical cosmology, on the other hand, is still in its infancy. 

                                         

Figure 2: Large Flux Collectors Are Designed  For Infrared Astronomy 

5.1.3 EXTRATERRESTRIAL INTELLIGENCE: 

The hunt for indications of extra-celestial intelligence lies in the larger cosmic relationship between the 

extrasolar search for primordial planetary and biomarkers beyond the cosmos. The search for extraterrestrial 

intelligence (SETI) projects have been conducting a study of search methods since 1960. The researchers have 

given several proposals for the immediate and future SETI investigation including various completion 

techniques, the relevance of null results and certain points of view about purposeful signal broadcast. Since 

there hasn't been much investigation, SETI results are currently negative. 

VI. CONCLUSION 

The discovery of exoplanets holds the potential of proving the existence of alien life one day.During the last five 

years the establishment of NASA's Astrobiology Program has achieved exceptional success and thus promoted 

the progress of a multidisciplinary field with prospects for rising in the field of research and analysis. 

There is a spark of hope that the astrobiological enthusiast audience will get their necessary answers very soon. 

Often an unexpected idea or discovery that shapes the direction of Astrobiology and illustrates concerns about 

the progress made in the integration of astrobiological approaches and strategies. NASA's Astrobiology 

Program is the result of the country's years of investment in experimental research in several disciplines 

related to Astrobiology. 

However, this procedure is a time taking process. The Italian scientist Giordano Bruno said, decades ago, when 

telescopes were not developed“The countless worlds in the universe are no worse and no less inhabited than 

our Earth,” that he linked with the notion of Astrobiology and yet today we are exploring other, more illumined 

worlds. As Astrobiology progresses over time, it is predicted that alterations in measures will require 

innovative approaches and different successions of disciplines to be to address the age-old questions of our 

origins and our connection to the universe in which we breathe. 

How to discover and define such habitable worlds, as well as how the science of Astrobiology will be 

revolutionised in the near future is yet a major challenge to overcome. 
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