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    A Martian panorama taken by the Mars Exploration Rover Opportunity.

  




  Though details of Mars' surface are difficult to see from Earth, telescope observations show seasonally changing features and white patches at the poles. For decades, people speculated that bright and dark areas on Mars were patches of vegetation, Mars was a likely place for advanced life forms, and water might exist in the polar caps. When the Mariner 4 spacecraft flew by Mars in 1965, photographs of a bleak, cratered surface shocked many - Mars seemed to be a dead planet. Later missions, however, showed that Mars is a complex planet and holds many mysteries yet to be solved. Chief among them is whether Mars ever had the right conditions to support small life forms called microbes.




  Mars is a rocky body about half the size of Earth. As with the other terrestrial planets - Mercury, Venus, and Earth - volcanoes, impact craters, crustal movement, and atmospheric conditions such as dust storms have altered the surface of Mars.
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    Mars is not all red dust and rocks.

  




  Mars has two small moons, Phobos and Deimos, that may be captured asteroids. Potato-shaped, they have too little mass for gravity to make them spherical. Phobos, the innermost moon, is heavily cratered, with deep grooves on its surface.
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    Valles Marineris is more than 3,000 km long and 8 km deep.

  




  Like Earth, Mars experiences seasons due to the tilt of its rotational axis. Mars' orbit is about 1.5 times farther from the sun than Earth's and is slightly elliptical, so its distance from the sun changes. That affects the length of Martian seasons, which vary in length. The polar ice caps on Mars grow and recede with the seasons. Layered areas near the poles suggest that the planet's climate has changed more than once. Volcanism in the highlands and plains was active more than 3 billion years ago. Some of the giant shield volcanoes are younger, having formed between 1 and 2 billion years ago. Mars has the largest volcano in the solar system, Olympus Mons, as well as a spectacular equatorial canyon system, Valles Marineris.
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    Close-up image of a dust storm on Mars

  




  Mars has no global magnetic field today. However, NASA's Mars Global Surveyor orbiter found that areas of the Martian crust in the southern hemisphere are highly magnetized, indicating traces of a magnetic field from 4 billion years ago that remain.




  Scientists believe that Mars experienced huge floods about 3.5 billion years ago. Though we do not know where the ancient flood water came from, how long it lasted, or where it went, recent missions to Mars have uncovered intriguing hints. In 2002, NASA's Mars Odyssey orbiter detected hydrogen-rich polar deposits, indicating large quantities of water ice close to the surface. Further observations found hydrogen in other areas as well. If water ice permeated the entire planet, Mars could have substantial subsurface layers of frozen water. In 2004, Mars Exploration Rover Opportunity found structures and minerals indicating that liquid water once existed at its landing site. The rover's twin, Spirit, also found the signature of ancient water near its landing site, halfway around Mars from Opportunity's location.




  The cold temperatures and thin atmosphere on Mars do not allow liquid water to exist at the surface for long. The quantity of water required to carve Mars' great channels and flood plains is not evident today. Unraveling the story of water on Mars is important to unlocking its climate history, which will help us understand the evolution of all the planets. Water is an essential ingredient for life as we know it. Evidence of long-term past or present water on Mars holds clues about whether Mars could ever have been a habitat for life.




  In 2008, NASA's Phoenix Mars lander was the first mission to touch water ice in the Martian arctic. Phoenix also observed precipitation (snow falling from clouds), as confirmed by Mars Reconnaissance Orbiter. Soil chemistry experiments led scientists to believe that the Phoenix landing site had a wetter and warmer climate in the recent past (the last few million years). NASA's Mars Science Laboratory mission, with its large rover Curiosity, is examining Martian rocks and soil at Gale Crater, looking for minerals that formed in water, signs of subsurface water, and carbon-based molecules called organics, the chemical building blocks of life. That information will reveal more about the present and past habitability of Mars, as well as whether humans could survive on Mars some day.




  How Mars Got its Name




  Mars was named by the Romans for their god of war because of its red, bloodlike color. Other civilizations also named this planet from this attribute; for example, the Egyptians named it "Her Desher," meaning "the red one."




  Significant Dates




  

    	
1877: Asaph Hall discovers the two moons of Mars, Phobos and Deimos.




    	
1965: NASA's Mariner 4 sends back 22 photos of Mars, the world's first close-up photos of a planet beyond Earth.




    	
1976: Viking 1 and 2 land on the surface of Mars.




    	
1997: Mars Pathfinder lands and dispatches Sojourner, the first wheeled rover to explore the surface of another planet.




    	
2002: Mars Odyssey begins its mission to make global observations and find buried water ice on Mars.




    	
2004: Twin Mars Exploration Rovers named Spirit and Opportunity find strong evidence that Mars once had long-term liquid water on the surface.




    	
2006: Mars Reconnaissance Orbiter begins returning high-resolution images as it studies the history of water on Mars and seasonal changes.




    	
2008: Phoenix finds signs of possible habitability, including the occasional presence of liquid water and potentially favorable soil chemistry.




    	
2012: NASA's Mars rover Curiosity lands in Gale Crater and finds conditions once suited for ancient microbial life on Mars.
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  NASA is on a journey to Mars, with a goal of sending humans to the Red Planet in the 2030s. That journey is already well under way.




  For decades, the agency and its partners have sent orbiters, landers and rovers, dramatically increasing our knowledge about the Red Planet and paving the way for future human explorers. The Curiosity rover has gathered radiation data to help us protect future astronauts, and the upcoming Mars 2020 rover will study the availability of Martian resources, including oxygen.




  There is more to learn as we expand humanity's presence into the solar system: Was Mars once home to microbial life or is it today? Can it be a safe home for humans? What can the Red Planet teach us about our own planet's past, present and future?




  Building on the robotic legacy, the human exploration of Mars crosses three thresholds, each with increasing challenges as humans move farther from Earth: Earth Reliant, the Proving Ground, and Earth Independent.
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  Earth Reliant exploration is focused on research aboard the International Space Station. The orbiting microgravity laboratory serves as a world-class test bed for the technologies and communications systems needed for human missions to deep space. Astronauts are learning about what it takes to live and work in space for long periods of time, increasing our understanding of how the body changes in space and how to protect astronaut health.




  We're also working with our commercial crew and cargo partners to provide access to low-Earth orbit and eventually stimulate new economic activity, allowing NASA to continue using the station while preparing for missions beyond.
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  Next, we move into the Proving Ground, conducting a series of missions near the moon -- we call it "cislunar space" -- that will test the capabilities we will need to live and work at Mars. Astronauts on the space station are only hours away from Earth, but the proving ground is days away, a natural stepping stone to a Mars mission, which will be months away from home.




  The first of these missions will launch NASA's powerful new rocket, the Space Launch System, from NASA’s Kennedy Space Center in Florida. The mission will carry the Orion spacecraft (without astronauts) thousands of miles beyond the moon during an approximately three week mission. Next up, astronauts will climb into Orion for a similar mission, traveling farther than humans have ever traveled before. .




  Also in the 2020s, we'll send astronauts on a yearlong mission into this deep space proving ground, verifying habitation and testing our readiness for Mars.




  Another proving ground milestone is the Asteroid Redirect Mission. NASA will send a robotic spacecraft to capture an asteroid boulder and put it in a safe orbit around the moon. Astronauts on Orion will then explore the asteroid, returning to Earth with samples. This two-part mission will test both deep space spacewalking and sampling techniques and Solar Electric Propulsion, which we’ll need to send cargo as part of human missions to Mars.
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  Finally, we become Earth Independent, building on what we've learned on the space station and in deep space to send humans to low-Mars orbit in the early 2030s.




  This phase will also test the entry, descent and landing techniques needed to get to the Martian surface and study what's needed for in-situ resource utilization or "living off the land." NASA is already studying potential "Exploration Zones" on Mars that would offer compelling science research and provide resources our astronauts can use.




  Science missions are already in the Independent phase, with the next rover due in 2020. We will also conduct a round-trip robotic demonstration mission with sample return in the late 2020s.




  Mars is the next tangible frontier for human exploration, and it's an achievable goal. There are challenges to pioneering Mars, but we know they are solvable. We are well on our way to getting there, landing there, and living there.
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  NASA is leading our nation and our world on a journey to Mars. Like the Apollo Program, we embark on this journey for all humanity. Unlike Apollo, we will be going to stay. This is a historic pioneering endeavor — a journey made possible by a sustained effort of science and exploration missions beyond low Earth orbit with successively more capable technologies and partnerships.




  This pioneering endeavor carries out the direction given to us in the 2010 NASA Authorization Act and in the U.S. National Space Policy. It engages all four NASA Mission Directorates and all NASA Centers and Laboratories. It enlists the best of academia and industry across the nation and builds on our existing international partnerships while embracing new ones. And like pioneering efforts before it, the journey to Mars will foster and attract new commercial enterprises.




  Why Mars? Mars is the horizon goal for pioneering space; it is the next tangible frontier for expanding human presence. Our robotic science scouts at Mars have found valuable resources for sustaining human pioneers, such as water ice just below the surface. These scouts have shown that Mars’ geological evolution and climate cycles were comparable to Earth’s, and that at one time, Mars had conditions suitable for life. What we learn about the Red Planet will tell us more about our Earth’s past and future, and may help answer whether life exists beyond our home planet. Together with our partners, we will pioneer Mars and answer some of humanity’s fundamental questions:




  

    	Was Mars home to microbial life? Is it today?




    	Could it be a safe home for humans one day?




    	What can it teach us about life elsewhere in the cosmos or how life began on Earth?




    	What can it teach us about Earth’s past, present, and future?


  




  Mars is an achievable goal. We have spent more than four decades on the journey to Mars, with wildly successful robotic explorers. The first human steps have been taken through science and technology research aboard the International Space Station (ISS) and in laboratories here on Earth. We are taking the next steps by developing the Space Launch System (SLS) and the Orion crewed spacecraft, demonstrating new operations to reduce logistics, and preparing for human missions into cislunar space, such as exploring a captured asteroid. There are challenges to pioneering Mars, but we know they are solvable. We are developing the capabilities necessary to get there, land there, and live there.




  Technology drives exploration and many of the technologies we need are in various stages of conceptualization, development, or testing. Consequently, NASA will continue to make key decisions and further define steps on this journey as technology and knowledge mature. This is a good thing, as it allows new ideas, new technologies, and new partnerships to be developed during the next two decades of this journey.




  This document communicates our strategy and shares our progress. It reflects the ongoing discussion with our stakeholders and partners, and an update on current plans and activities within an evolving architecture. It identifies the challenges facing future pioneers and our strategy for addressing these challenges. NASA’s strategy provides an evolutionary, resilient framework for defining future missions. We are making progress on the journey to Mars using current missions to advance technologies and systems for the next decade, and we are conducting the technical analyses needed to plan for the decades beyond.




  We are on a journey to Mars. We have already taken the first steps. We are excited by the challenges that remain, knowing they will only push us further. Come join us on the journey!




  Our Goal
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  NASA aims to extend human presence deeper into the solar system and to the surface of Mars. In doing so, our human and robotic explorers will expand knowledge and discover the potential for life beyond Earth. Our goal is not bound by a single destination. We seek the capacity for people to work, learn, operate, and sustainably live safely beyond Earth for extended periods of time. We will achieve this goal with a growing number of international and commercial partners, realizing economic benefits and strengthening America’s leadership on Earth and in space.




  As pioneers, we seek to blaze the trail for others, establishing a presence that leads to economic progress and broad societal benefit. We pioneer space to discover life, identify resources, foster economic growth, inspire and educate, protect ourselves from space-based threats, and leave a better future for the next generation. This goal is embodied in the idea of a human and robotic journey to Mars. It is time for the next steps, and the agency is actively developing the capabilities that will enable humans to thrive beyond Earth for extended periods of time, leading to a sustainable presence in deep space.




  NASA’s efforts build upon the proven international and commercial partnerships at the core of the ISS. Our activities align with the Global Exploration Roadmap (GER), a product of 12 space agencies committed to expanding human presence in space. We will continue to build on partnerships with U.S. industry, academia, and our stakeholders. Our partners are developing technologies, systems, and missions to meet individual objectives, such as lunar surface operations, while contributing to the journey to Mars. The commonality between exploration capabilities, related scientific investigations, and the range of potential activities, allows partners to target individual objectives while working together to achieve pioneering goals.




  While far away, Mars is a goal within our reach. We are closer to sending humans to Mars than at any point in NASA’s history. We will journey in phases, leveraging our experience on the space station to step out into the Proving Ground of cislunar space — the volume of space around the moon featuring multiple stable staging orbits for future deep space missions. Over the next decade, NASA and our partners will use this Proving Ground to practice deep-space operations with decreasing reliance on the Earth, gaining the experience and systems necessary to make pioneering space and the journey to Mars a reality.




  Our Approach: Pioneering Principles
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  NASA's approach to pioneering is embodied in a set of guiding principles that will increase our successes and benefits over the coming decades. These key principles are the basis for a sustainable, affordable space program and provide overarching guidance to ensure NASA’s investments efficiently and effectively enable the journey to Mars. These principles are:




  Strategic Principles for Space Exploration
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  Implementable in the near term with the buying power of current budgets and in the longer term with budgets commensurate with economic growth
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  Exploration enables science and science enables exploration, leveraging scientific expertise for human exploration of the solar system
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  Application of high Technology Readiness Level (TRL) technologies for near-term missions, while focusing sustained investments on technologies and capabilities to address challenges of future missions
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  Near-term mission opportunities with a defined cadence of compelling and integrated human and robotic missions, providing for an incremental buildup of capabilities for more complex missions over time
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  Opportunities for U.S. commercial business to further enhance the experience and business base
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  Resilient architecture featuring multi-use, evolvable space infrastructure, minimizing unique major developments, with each mission leaving something behind to support subsequent missions
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  Substantial new international and commercial partnerships, leveraging current International Space Station partnerships and building new cooperative ventures for exploration




  These principles are integrated throughout NASA’s strategy and are exemplified in current plans and activities. This document highlights a few example applications of these principles, as indicated in relevant sections by the icons above.




  Three Phases on Our Journey to Mars
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  The journey to Mars passes through three thresholds, each with increasing challenges as humans move farther from Earth. NASA and our partners are managing these challenges by developing and demonstrating capabilities in incremental steps.




  EARTH RELIANT




  Earth Reliant exploration is focused on research aboard the ISS. On the space station, we are testing technologies and advancing human health and performance research that will enable deep-space, long-duration missions.




  

    	Human health and behavioral research




    	Advanced communications systems




    	Material flammability tests




    	Extravehicular operations




    	Mars mission class environmental control and life support systems




    	3-D printing




    	Material handling tests for in-situ resource utilization (ISRU) demonstrations


  




  PROVING GROUND




  In the Proving Ground, NASA will learn to conduct complex operations in a deep space environment that allows crews to return to Earth in a matter of days. Primarily operating in cislunar space, NASA will advance and validate capabilities required for human exploration of Mars.




  

    	A series of Exploration Missions (EMs), starting with EM-1, the first integrated test of SLS and Orion, anticipated in 2018




    	The Asteroid Redirect Robotic Mission in 2020 that will collect a large boulder from a near-Earth asteroid, then ferry it to the Proving Ground and the Asteroid Redirect Crew Mission that will allow astronauts to investigate and sample the asteroid boulder




    	An initial deep-space habitation facility for long-duration systems testing




    	Autonomous operations, including rendezvous and docking and state of the art information technology solutions




    	Concepts to minimize resupply needs through reduction, reuse, and recycling of consumables, packaging, and materials




    	Other key operational capabilities required to become Earth Independent


  




  EARTH INDEPENDENT




  Earth Independent activities build on what we learn on ISS and in cislunar space to enable human missions to the Mars vicinity, including the Martian moons, and eventually the Martian surface. With humans on Mars, we will be able to advance science and technology in ways only dreamed of with current robotic explorers. Future Mars missions will represent a collaborative effort among NASA and its partners — a global achievement that marks a transition in humanity’s expansion as we go to Mars not just to visit, but to stay.




  

    	Living and working within transit and surface habitats that support human life for years, with only routine maintenance




    	Harvesting Martian resources to create fuel, water, oxygen, and building materials




    	Leveraging advanced communication systems to relay data and results from science and exploration excursions with a 20-minute delay
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  Our Strategy for the Journey to Mars
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  What is Pioneering?




  Pioneering space requires a sustained set of mutually reinforcing activities — science missions, technology development, capability demonstrations, and human spaceflight — to expand human presence into deep space and extend our robotic agents farther into the solar system, with the horizon goal of humans travelling to Mars and remaining on the surface.




  NASA’s strategy, aligned with the pioneering principles, connects near-term activities and capability development to the journey to Mars and a future with a sustainable human presence in deep space. This strategy strikes a balance between progress toward horizon goals, near-term benefits, and long-term flexibility to budgetary changes, political priorities, new scientific discoveries, technological breakthroughs, and evolving partnerships. The journey to Mars reflects an integrated NASA effort, in collaboration with our partners, to advance from today’s Earth Reliant human spaceflight program through the Proving Ground of cislunar space to an Earth Independent, deep-space capability.




  This strategy is a natural evolution of prior decades of space exploration. The era of modern space exploration began with remote observations through early telescopes, providing the knowledge necessary to design and send robotic missions to Earth orbit, planets, moons, comets, and asteroids. NASA’s human spaceflight program has already demonstrated the capability for Earth Reliant human exploration, culminating today with the ISS, where astronauts and supplies are ferried between the station and Earth within hours. Our partners on the ISS, which now include commercial spaceflight ventures, reflect a blossoming worldwide human spaceflight capability for low Earth orbit (LEO). Meanwhile, robotic science missions are scouting resources and characterizing potential destinations for human explorers at far more distant locations within our solar system.




  The Path Forward




  NASA and our partners are already at Mars, operating with highly effective robotic emissaries in orbit and on the surface. NASA has exploited nearly every opportunity over the past two decades (occurring every 26 months when transit between Earth and Mars is the most efficient) to send orbiters, landers, and rovers to the Red Planet with increasingly complex experiments and sensing systems. Mars orbiters have mapped with high precision the topography of the planet, begun mapping the distribution of water ice below the surface, imaged geologically ancient river deltas, and discovered likely seasonal outflows of salty liquid water in the present. They have mapped detailed mineral composition in select areas and located suitable landing sites for future robotic and human missions, many with incredible science potential. Robotic landers have demonstrated that the Martian environment could have supported microbial life, as we understand it here on Earth. Additionally, robotic landers have measured radiation in transit and on the surface, and gathered data for defining entry, descent, and landing (EDL) approaches for future human missions. NASA’s Mars 2020 mission will measure atmospheric entry conditions and surface dust, and demonstrate production of oxygen from atmospheric carbon dioxide while selecting and encapsulating samples for potential return to Earth. The journey to Mars requires advanced human and robotic partnerships not imagined at the time of Apollo.




  While learning about Mars with robotic science scouts, we are also developing advanced technologies to support human pioneers. NASA is investing in technologies and rapidly prototyping new systems, which benefit both NASA and our industry partners, while minimizing overall costs through innovative partnerships. Focus areas include solar electric propulsion with advanced ion thrusters, habitation systems, nuclear fission for Mars surface power, EDL systems, laser communications for high data rate transmission, deep-space atomic clocks for precise navigation, and many others. NASA will integrate these technologies into pioneering capabilities, providing the tools necessary for the journey to Mars.




  Moving from Earth Reliant toward Earth Independent




  In the current Earth Reliant phase of human exploration, NASA and our partners are using the ISS in LEO, supported by commercial cargo resupply services and in the near future, commercial crew transportation. The delivery and return of astronauts and cargo to the space station are measured in hours, but any journey to Mars will take many months each way, and early return is not an option. This is an entirely different operating regime, not just for physical access but also for communications with Earth-based teams. Astronauts in deep space must be more self-reliant and spacecraft systems and operations must be more automated to operate safely and productively as we explore beyond LEO. Cislunar space is the ideal Proving Ground for NASA and its partners to test systems and to practice deep-space operations, such as extravehicular activity (EVAs or spacewalks), and rendezvous and docking prior to committing crew on long missions to Mars. NASA is focusing on Proving Ground activities in cislunar space, and many of our partners see cislunar space as a step toward human missions to the lunar surface. These combined activities provide an optimal condition to demonstrate integrated human and robotic missions to build confidence that human missions to Mars can be safely conducted with an Earth Independent mode of operation.




  Living and working in space require accepting risk, and the journey is worth the risk. Crews must be protected from the unique hazardous environments of deep space and on the Martian surface. Often, systems will have to operate autonomously or remain dormant for years in preparation for crew. Overcoming these challenges will be essential on the journey to Mars. These technological and operational challenges fall into three categories: transportation, sending humans and cargo through space efficiently, safely, and reliably; working in space, enabling productive operations for crew and robotic systems; and staying healthy, developing habitation systems that provide safe, healthy, and sustainable human exploration. Bridging these three categories are the overarching logistical challenges facing crewed missions lasting up to 1,100 days and exploration campaigns that span decades.




  Planning and Implementing a Pioneering Approach




  A pioneering approach enables a sustained expansion of human presence into the solar system, rather than a once-in-a-generation expedition. This approach requires us to recognize and address two key challenges.




  The first challenge is recognition that pioneering space is as much a logistics and supply chain challenge as a technological challenge. Historically, pioneers on Earth could not rely solely on supplies from home to sustain them and neither can the first pioneers on Mars. NASA will have to learn new ways of operating in space, based on self-reliance and increased system reliability; ISRU, including recycling packaging materials and trash; and the ability to design, build, or repair systems with common, modular components. To enable the journey to Mars, NASA will invest in reusable systems with common components that are modular and extensible to multiple missions to reduce unique developments and the need for spares. Complex tradeoffs between resupply and use of insitu resources must be first addressed before we achieve Earth Independence. NASA will use missions in the Proving Ground to validate new operational approaches and learn how to balance logistics sent from Earth with the potential benefits and challenges of using local resources.




  The second challenge is recognition that achieving Earth Independence will take decades and can be impacted by multiple uncertain events. NASA’s strategy must be flexible and resilient to changes in the priorities of future administrations, the emergence of breakthrough technologies, discovery of new scientific knowledge, fluctuations in funding, and new partnership opportunities. Due to these uncertainties, we must make decisions with incomplete knowledge to ensure continued momentum. However, we can plan for these changes proactively and design for uncertainty to be better positioned when change occurs. We do this by designing a resilient architecture that focuses on critical capabilities across a range of potential missions, investing in technologies that provide large returns, and maximizing flexibility and adaptability through commonality, modularity, and reusability. The journey to Mars is only possible through multi-use, evolvable space infrastructure that minimizes unique developments and associated cost. We also ensure each mission leaves something behind to reduce the cost, risk, or schedule for the next mission.
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  Our Progress and Plans on the Journey to Mars
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  NASA’s current efforts focus on strategic investments to extend human access to deep space, learn how to operate with reduced logistics, and understand future destinations through science-guided robotic explorers. We will use the Proving Ground to demonstrate capabilities that evolve beyond the Earth Reliant exploration systems currently used on the ISS. As these capabilities are proven, NASA and our partners will further define future missions. Efforts made today and in the next decade will lay the foundation for an Earth Independent, sustained presence in deep space, addressing a challenge worthy of our nation’s expertise, perseverance, and ingenuity.




  The following sections describe specific architecture elements in each phase of the journey to Mars: Earth Reliant, Proving Ground, and Earth Independent. These investments, selected with guidance from strategic partners and through the lens of the pioneering principles, enable near-term missions, support resilient space infrastructure, are affordable within NASA’s current budget, and offer multiple opportunities for academic, commercial, and international partnerships. They work together as an interlocking set of capabilities that enable sustainable, affordable, programmatically sound, and technically feasible architecture. Additional detail is provided for the first series of exploration missions, including initial SLS and Orion missions and the Asteroid Redirect Mission. For missions beyond the next decade, insight from ongoing studies is provided.
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  Earth Reliant




  NASA’s current occur in an Earth Reliant frame of operations on the ISS. To begin to break these ties, NASA is leveraging the space station as a test bed to demonstrate key exploration capabilities and operations. Current NASA missions are building on the Earth Reliant capabilities to enable missions for the next decade. The agency is also facilitating a robust commercial crew and cargo transportation capability in LEO, stimulating new markets and fostering an emerging commercial space industry that will mature to support future pioneering missions. As NASA transitions beyond LEO and continues to pioneer space, our vision is that private and public investments will sustain economic activity in LEO and create benefits for Earth through commercial supply and public and private demand.




  The First Steps:


  International Space Station (ISS)




  NASA has begun the transition from exploration to pioneering on the ISS. Occupied by an international crew continuously since November 2, 2000, the station has hosted more than 200 people from 17 countries, and is the culmination of one of the largest and most complicated international engineering efforts ever attempted.

OEBPS/Images/mars_0.jpg





OEBPS/Images/cover.jpg





OEBPS/Images/journey_5.jpg





OEBPS/Images/mars_4.jpg
EARTH RELIANT -

NOW - MID-2020s
« International Space Station operation
through 2024, 3

+.Commercial development of low-
Earth orbit.

« Development of deep space
systems; life support and human
health





OEBPS/Images/journey_4.jpg





OEBPS/Images/journey_1.jpg





OEBPS/Images/journey_6.jpg





OEBPS/Images/mars_3.jpg





OEBPS/Images/journey_7.jpg





OEBPS/Images/mars_2.jpg





OEBPS/Images/journey_2.jpg





OEBPS/Images/tab_1.jpg
Features of a Resilient Pioneering Approach

Design to minimize the number of systems, use them multiple

Logistics times, refresh instead of replace them, and maintain with local

resources to enable sel-suficient missions.

Standardize for flexibity, simple interfaces to enhance complex

Subsystems and components.

Develop systems that serve multple purposes across the

campaign at many destinations.

Extensibilty Develop initil hardvware with paths for enhanced applications.
Optimize system development across a campaign, not a mission

Affordability to minimize development costs.

Modularity:

Commonality





OEBPS/Images/mars_6.jpg
“EARTH
INDEPENDENT

NOW - 2030s & Beyond
«. Science missions pave the way to
Mars.

« Demonstrate entry, descent, and
landing and in-situ resource use.

« Conduct robotic round-trip
demonstration with sample return in
the late 2020s.

« Send humans to orbit Mars in the
early 2030s.






OEBPS/Images/mars_1.jpg





OEBPS/Images/journey_3.jpg





OEBPS/Images/journey_8.jpg
EARTH INDEPENDENT

MISSIONS: 2-3 YEARS
RETURN: MONTHS

—

PROVING GROUND

MISSIONS: 1-12 MONTHS
RETURN: DAYS

—

EARTH RELIANT
MISSIONS: 6-12 MONTHS

RETURN: HOURS

MARS TRANSIT
HABITAT

ORBITERS

ASTEROID
REDIRECT MISSION

SOLAR ELECTRIC
PROPULSION

SPACE LAUNCH
SYSTEM

ORION CREWED
SPACECRAFT

DEEP SPACE

HABITAT
INTERNATIONAL X
SPACE STATION s
= Q\\\ COMMERCIAL
CARGO AND CREW






OEBPS/Images/mars_5.jpg
PROVING GROUND

2018 - 2030

* Regular crewed missions and
spacewalks in cislunar space.

"+ Verify deep space habitation and
. conduct a yearlong missionto
validate readiness for Mars.

< Demonstrate integrated human and
robotic operations by redirecting
and sampling an asteroid boulder.






OEBPS/Images/journey_12.jpg





