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We are living in a dynamic era of planetary exploration. Exploring planets, moons and 
small bodies in our solar system allows us to get a glimpse into our origins and 
investigate the history and diversity of both our own and other planetary systems. An 
increasing participation of commercial space actors and emerging space countries will 
soon enable exciting planetary missions to new destinations as well as large-scale 
space endeavors in low Earth and cis-lunar orbits. Therefore, deep space exploration 
is expected to showcase significant growth in the coming decades. Robotic and human 
planetary exploration requires innovative technologies and multinational cooperation. 
The rapid development of innovative technologies such as robotics and artificial 
intelligence represents a game changer for planetary exploration. By addressing the 
challenges related to robotic and human deep space exploration, we expand our 
scientific knowledge, advance technologies, create new industries and help foster 
international cooperation. The community foresight exercise, "Planetary Exploration, 
Horizon2061", is pivotal and provides a vision to lead the way forward and assess 
future opportunities of planetary exploration. The chapters of this book successfully 
combine the planning of space missions and their enabling technologies as well as 
supporting infrastructure and services to establish a long-term plan of planetary 
exploration. The year 2061 was chosen for this exercise to pay tribute to the return of 
Halley’s comet into our inner solar system, the 100th anniversary of Yuri Gagarin’s first 
human space flight and the centennial of President Kennedy’s Moon initiative.  
 
In the last few decades there have been many exciting space missions from low Earth 
orbit (LEO) to the edges of our solar system that have inspired human explorers. The 
International Space Station (ISS) is the largest international space project ever 
undertaken and has just celebrated 20 years of continuous human habitation. Over 
3,000 scientific investigations from more than 100 countries have been conducted in 
the ISS over the last two decades. Among them are crucial space medicine data on 
astronaut health and radiation biology which help us to grasp our limits for long-term 
human exploration missions.  Activities in LEO are currently in a transitional phase. 
New endeavors such as the China Space Station Tiangong, currently under 
construction, and smaller commercial space stations enabling research and 
technology development as well as commercial activities will facilitate routes to deep 
space and a cis-lunar economy.  
 
Many orbiters, landers, and rovers have provided fantastic data on geological 
evolution, climate, the search for water and habitability of multiple solar system objects 
in the past. In December 2020, China has conducted a successful lunar sample return 
mission Change 5, and JAXA’s Hayabusa-2 mission has returned samples from near-
Earth asteroid Ryugu. More asteroid samples will arrive from NASA’s OSIRIS-Rex 
mission in 2023. In 2021 we witnessed a fleet of robotic missions arriving at Mars, sent 
by the United Arab Emirates, China and NASA. The United Arab Emirates 'Mars orbiter 
HOPE’ measures the Martian atmosphere and climate and China’s Tianwen-1 mission 
successfully landed the rover Zhurong at first attempt.  
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NASA’s Perseverance rover started its journey to explore Mars and to collect samples 
for a future international Mars sample return mission. In 2022, we expect the first 
uncrewed test flight Artemis-1 of NASA’s Artemis programme. With the Artemis 
programme, NASA plans to land astronauts on the Moon by 2025 in cooperation with 
international partners. Russia and China have announced the creation of an 
International Lunar Research Station and India is advancing its Gaganyaan human 
space exploration programme.  
The giant planets and their moons in our outer solar system are major targets for 
planetary exploration in the future, given that many of them are still unexplored. New 
missions will continue to investigate unique comets and asteroids as well as extrasolar 
planetary systems. Nearly 5000 exoplanets have been identified so far, of which more 
than 800 are multiple planetary systems. Exploring exoplanets will continue to change 
our view on the habitability of our universe.  
 
We have to master many technological challenges to enable future space missions 
targeting planets, moons and small bodies that will advance our knowledge on the 
origin, history, properties and environments of our solar and other planetary systems. 
Planetary Exploration Horizon2061 addresses critical technologies including landers, 
drills, advanced resource utilization and ground- and space-based infrastructures, all 
services key to enable and support exciting robotic and human planetary exploration 
missions. Human exploration requires major research and technology development, 
in particular when we envisage humans landing on Mars. Astronauts have to be 
protected from radiation, temperature and dust storms. Advancements in space 
medicine investigating stress factors for astronauts in deep space will be required as 
well as new materials to build outposts and habitats on the Martian surface. The use 
of artificial intelligence (AI) and robotics for space exploration has many applications 
from data analysis, planetary navigation, and communication to optimized mission 
operations and emergency response. Key areas where AI will significantly augment 
robotic space exploration include increasing autonomy and diversifying mobility. 
 
Why is a book on the future perspectives of planetary exploration so compelling at this 
time? To begin, we are explorers. Planetary exploration can provide answers to key 
questions of our existence: how our solar system formed, whether life exists beyond 
Earth, and what our future prospects may be. Furthermore, planetary exploration is a 
driver for innovation and contributes to technologies that provide economic benefits 
for our society on Earth. Finally, planetary exploration fosters international 
cooperation, which allows cost sharing and leverages worldwide expertise, providing 
sustainability to large-scale and long-term space endeavors. 
 
This book will give you amazing insights into the emerging new planetary exploration 
context. It outlines the different types of space missions, key technologies and 
supporting infrastructure necessary to uncover the properties of planetary systems. 
With this book, Michel Blanc and his co-authors have provided a crucial foresight 
exercise of planetary exploration. They are to be commended for the breadth and 
depth of the content of this excellent book. It is crucial to prepare the future of planetary 
exploration with proper investment in science, technology, education, 
entrepreneurship and supporting societal engagement. This book will help scientists 
and interested citizens to understand the importance of planetary exploration, and will 
provide a compelling vision for how we can explore our solar system and other 
planetary systems in the years to come.  


