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DESCRIPTION
Mars has long fascinated humanity as a neighbour in our solar
system and a potential site for extraterrestrial life. From ancient
observations of its reddish glow to modern robotic missions,
Mars exploration represents one of the most ambitious and
enduring endeavours in planetary science. Driven by curiosity,
technological advancement, and the quest to answer whether life
exists beyond Earth, the exploration of Mars has evolved into a
multidisciplinary effort involving engineering, geology, biology,
and astrobiology [1].

The earliest studies of Mars relied on telescopic observations,
which revealed seasonal changes in its surface and atmosphere.
These features led to speculation about the existence of water,
vegetation, or even intelligent civilizations. With the arrival of
spacecraft in the mid-20th century, however, a more realistic
picture emerged. NASA’s Mariner missions in the 1960s revealed
a barren, cratered landscape, dispelling earlier notions of
widespread vegetation. Still, the presence of valleys, channels,
and polar caps pointed to a history shaped by water, a critical
factor in assessing habitability [2,3].

The Viking missions of the 1970s marked the first attempt to
directly search for life on Mars. Equipped with landers carrying
biological experiments, Viking conducted soil analyses that
produced ambiguous results. While no definitive evidence of life
was found, the mission established the foundation for future
astrobiological research. Equally important, Viking landers
operated successfully on the Martian surface, proving the
feasibility of long-term robotic exploration [4].

In subsequent decades, a new wave of orbiters, rovers, and
landers deepened our understanding of Mars. The Mars Global
Surveyor, launched in 1996, provided detailed mapping of the
planet’s topography and mineralogy. Later missions, including
the Mars Odyssey and Mars Reconnaissance Orbiter, detected
evidence of subsurface ice and hydrated minerals, reinforcing the
idea that water once played a major role in shaping Martian
geology [5].

The success of robotic rovers such as Spirit, Opportunity, 
Curiosity, and Perseverance has transformed Mars exploration. 
These mobile laboratories have traversed diverse terrains, 
analyzing rocks, soils, and the atmosphere. Opportunity’s 
discovery of hematite spheres and sedimentary features pointed 
to ancient environments once hospitable to water. Curiosity’s 
investigation of Gale Crater confirmed the presence of ancient 
riverbeds and complex organic molecules [6,7]. Perseverance, the 
most advanced rover to date, is collecting samples for a future 
return to Earth, a mission that could offer the most direct 
opportunity to detect bio signatures.

Mars exploration also extends beyond scientific goals. It plays a 
central role in the future of human spaceflight. Space agencies 
such as NASA, ESA, and private organizations envision crewed 
missions to Mars in the coming decades. These plans require 
addressing challenges such as radiation exposure, long-duration 
space travel, and the use of in-situ resources like water ice to 
sustain life. Robotic missions provide important data that 
inform mission planning, helping to design habitats, energy 
systems, and life-support technologies [8.9].

The study of Mars is also essential to planetary protection. As we 
explore, it is critical to avoid contaminating Mars with terrestrial 
microbes while also preventing the potential back-transfer of 
Martian material to Earth. These considerations highlight the 
ethical and scientific responsibilities that accompany 
exploration, ensuring that future discoveries are authentic and 
that Earth’s biosphere remains safeguarded [10].

CONCLUSION
In mars exploration embodies the spirit of discovery, combining 
scientific inquiry with technological innovation and human 
aspiration. It has already revealed a world with a rich geological 
history, shaped by water and potentially capable of supporting 
life in the past. With ongoing and planned missions, Mars 
continues to serve as both a scientific frontier and a stepping 
stone for humanity’s expansion into the solar system. The 
pursuit of knowledge on Mars not only brings us closer to 
answering the question of whether we are alone but also
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prepares us for the broader challenge of exploring and
inhabiting other worlds.
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