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• Launch and In-Space Transportation

▪ Launch Systems (Earth, Moon, Mars, Asteroids)

▪ In-Space Mobility Systems (Near-Earth, Cislunar, Mars Vicinity)

• Surface Transportation (Moon, Mars, Asteroids)

• Human-Rated Habitats (Cislunar, Moon, Mars Orbit, Mars Surface)

• Infrastructure

▪ Cislunar Space

▪ Moon Surface

▪ Mars Orbit

▪ Mars Surface

Key Enablers for Human Space Exploration to 2050
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▪ Sputnik 1, 2 (1957)

▪ Explorer 1 (1958)

Key Milestones in Space Exploration*

1950s

1960s

▪ Yuri Gagarin (1961)

▪ John Glenn (1962)

▪ Project Mercury (1961-1963)

▪ Valentina Tereshkova (1963)

▪ Project Gemini (1965-1966)

▪ Project Apollo (1961-1972)

▪ N1 Lunar Rocket (1969-1972)

1970s

▪ Almaz/Salyut Space Stations (1971-1991)

▪ Skylab (1973-1979)

1980s

▪ Mir Space Station (1986-2001)

▪ Space Shuttle (1981-2011) 133 successes, 2 failures

1990s

▪ Hubble Space Telescope (1990-Present)

▪ Extrasolar Planets Discovered (1995-Present)

▪ International Space Station (1998-Present)

▪ Chandra X-Ray Observatory (1999-Present)

2000s

2010s

▪ Falcon 2, Falcon Heavy (2010-Present)

▪ Tiangong-1 Space Laboratory (2011-2018)

▪ Tiangong-2 Space Laboratory (2016-2019

▪ Shenzhou 5 – Shenzhou 17 Crewed Missions (2003-Present

▪ Tiangong Space Station (2021-Present)

▪ James Webb Space Telescope (2022-Present)

▪ Space Launch System (SLS, 2022-Present)

▪ Starship (2023 – Present)

2020s

*Excluding Lunar and Planetary Exploration (tabulated elsewhere)
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First in Space: Soviet Union

• 1957: First intercontinental ballistic missile, the R–7 Semyorka

• 1957: First satellite, Sputnik 1

• 1957: First animal to enter Earth orbit, the dog Laika on Sputnik 2

• 1959: First firing of a rocket in Earth orbit, first man–made object

to escape Earth’s orbit, Luna

• 1959: First data communications, or telemetry, to and from outer

space, Luna 1

• 1959: First man–made object to pass near the Moon, first man–

made object to orbit the Sun, Luna 1

• 1959: First probe to impact the moon, Luna 2

• 1959: First images of the moon’s far side, Luna 3

• 1960: First animals to safely return from Earth orbit, the dogs

Belka and Strelka on Sputnik 5 

• 1960: First probe launched to Mars, Marsnik 1

• 1961: First probe launched to Venus, Venera 1

• 1961: First person in space (International definition) and in Earth

orbit, Yuri Gagarin on Vostok 1

• 1961: First person to spend over a day in space, Gherman Titov,

Vostok 2 (also first person to sleep in space)

• 1962: First dual manned spaceflight and approach, Vostok 3 and

Vostok 4

• 1963: First woman in space, Valentina Tereshkova, Vostok 6

• 1964: First multi–man crew (3), Voskhod 1

• 1965: First EVA, by Aleksei Leonov, Voskhod 2

• 1965: First probe to hit another planet (Venus),Venera 3

• 1966: First probe to make a soft landing on and 

transmit from the surface of the Moon, Luna 9

• 1966: First probe in lunar orbit, Luna 10

• 1967: First unmanned rendezvous and docking, Cosmos

186/Cosmos 188 (it took until 2006 for the United

States to duplicate this major space achievement)

• 1969: First docking between two manned craft in Earth orbit

and exchange of crews, Soyuz 4and Soyuz 5

• 1970: First samples automatically returned to Earth from

another body, Luna 16

• 1970: First robotic space rover, Lunokhod 1

• 1970: First data received from the surface of another planet

(Venus), Venera 7

• 1971: First space station, Salyut 1

• 1971: First probe to orbit another planet (Mars), first probe

to reach surface of Mars, Mars 2

• 1975: First probe to orbit Venus, first photos from surface of

Venus, Venera 9

• 1984: First woman to walk in space, Svetlana Savitskaya

(Salyut 7 space station)

• 1986: First crew to visit two separate space stations

(Mir and Salyut 7)

• 1986: First permanently manned space station, Mir, 

which orbited the Earth from 1986 until2001

• 1987: First crew to spend over one year in space, Vladimir

Titov and Musa Manarov on board of TM–4 – Mir
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Key Lunar Programs US/USSR 1960s-1970s
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Key Lunar Programs US/USSR 1960s-1970s

continued
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Soviet Union Launch Vehicles
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N1-Saturn V Comparison
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N1-Saturn V Failure Comparison

Saturn V

13 Successful Launches, 0 Failures

N-1

4 Launches, 4 Failures

July 4, 1969 (12 sec)

February 21, 1969 (69 sec) June 27, 1971 (50 sec)

November 23, 1972 (107 sec)
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United States Launch Vehicles
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Present International Launch Vehicles
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Japanese Launch Vehicles
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Indian Launch Vehicles
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Brazilian & South Korean Launch Vehicles

Veículo Lançador de Satélites (VLS)

Brazil South Korea

Naro-1
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Future International Launch Vehicles
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Single Stage to Orbit ?McDonnell Douglas DC-XA

Lockheed Martin      VentureStar
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Propulsion for Interplanetary Travel

DragonFly Mission to Titan, Nuclear Thermal & Nuclear Electric Propulsion

00:15 Titan Helicopter Starts to Come Together
https://www.universetoday.com/159611/
02:38 New NIAC Nuclear Rocket Design
https://www.universetoday.com/159599/
05:30

Video

NASA Deep Space Exploration

02:03 Curiosity

6:08 Landing on Mars

8.04 Asteroid Redirect Mission

Video

DragonFly

Nuclear Thermal Propulsion (NTR)

Nuclear Electric Propulsion (NEP)

AI

https://www.youtube.com/watch?v=FneksoJUCh0
https://www.youtube.com/watch?v=FneksoJUCh0&t=15s
https://www.universetoday.com/159611/
https://www.youtube.com/watch?v=FneksoJUCh0&t=158s
https://www.universetoday.com/159599/
https://www.youtube.com/watch?v=yz7BORzLs9Q
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Lunar and Planetary Exploration
https://nssdc.gsfc.nasa.gov/planetary/chronology.html

https://nssdc.gsfc.nasa.gov/planetary/chronology.html
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Lunar and Planetary Exploration

Mars 1

Mariner 2
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Lunar and Planetary Exploration

Ranger 9

Luna 10
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Lunar and Planetary Exploration

Venera 6

Surveyor 7
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Lunar and Planetary Exploration

Lunokhod 1

Apollo 11
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Lunar and Planetary Exploration

Pioneer 11

Viking 2

Courtesy Fine Art America
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Lunar and Planetary Exploration

Viking 1 & 2

Courtesy Fine Art America

Vega 2
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Lunar and Planetary Exploration
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Lunar and Planetary Exploration

New Horizons

Galileo
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Lunar and Planetary Exploration

Chang’e 3

Lunar Crater Observation and 

Sensing Satellite (LCROSS

Centaur Spent Upper 

Stage Impact
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Lunar and Planetary Exploration

Chandrayaan 2

Tianwen-1
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Lunar and Planetary Exploration
continued

JUICE

Intuitive Machines 1 (Odysseus)
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Lunar and Planetary Exploration

Martian Moons eXploration (MMX)

EnVision
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Lunar Mission Communication Network
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Mars Surface Crew Time Allocation
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Central Florida Section Leading Employers-Orlando MSA

1 Adacel Systems 15 Cubic Defense Applications 29 Lockheed Martin-MFC

2 Aerosim Flight Academy 16 Dignitas Technologies, LLC 30 Lockheed Martin-MST

3 Air Force Agency for Modeling and Simulation 15 Engineering & Computer Simulations, Inc. 31 Marine Corps System Command

4 Analog Modules 18 FlightSafety International, Inc. 32 Metters Industires, Inc.

5 Astronics DME 19 Gooch and Housego 33 Naval Air Warfare Center

6 AVT Simulation 20 Intelligent Decisions 34 Northrop Grumman - Apopka

7 BBA/ Signature Flight Support Corporation 21 JHT, Inc. 35 Northrop Grumman - Orlando

8 CAE Systems Flight & Simulation Training 22 Kaman Precision Products, Inc. 36 Army Program Executive Office

9 Camber Corporation 23 Kratos Training Solutions 37 Primal Innovation

10 Carley Corporation 24 L-3 Coleman Aerospace 38 Qorvo

11 Cessna Citation Service Center 25 L-3 Communications 39 Raytheon Technical Services Company

12 Coalescent Technologies Corp 26 L-3 Communications 40 SimCom International, Inc.

13 Cole Engineering Services 27 Leidos 41 The DiSTI Corporation

14 Corsair Engineering, Inc. 28 Lightpath Technologies, Inc. 42 U.S. Army - R&D & Engineering Command

Orlando Economic Development Commission // 301 E. Pine Street, Suite 900 // Orlando, FL 32801 // P/407.422.7159 // orlandoedc.com

AVIATION/AEROSPACE & DEFENSE

Leading Employers-KSC Area

Blue Origin, LLC

SpaceX

United Launch Alliance

Boeing Defense & Space

Lockheed Martin

Northrop Grumman

Harris Corporation

NASA/KSC

NASA/MSFC

U.S. Air Force

Jacobs Engineering

Test & Operations 

Support Contract
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• The five-year average annual investment level as of the end of 2022 was $8.2 
billion, an increase from the 2021 five-year average figure of $7.1 billion. There 
was an 82% increase in start-up space venture investment from 2020 to 2021.

Private Investment Capital in Central Florida



24 Infrastructure Elements Developed by the AIAA SPST*

* Space Propulsion Synergy Team (SPST)
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18 Categories of Space Laws Developed by the SPST
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18 Categories of Space Laws (continued)
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Space Laws Cross Reference Table
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Why Exploit Space?

Private Enterprise View – Asteroid Mining $$
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Why Exploit Space?

Private Enterprise View – Space Hotels $$

Wishful Thinking

Actual Implementation
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Why Exploit Space?

Private Enterprise View – Construction & Logistics Support $$

Courtesy: The Boeing Company

Refueling Depot

Solar Power Satellite Construction

Advanced

Lunar Base

Construction
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Why Exploit Space?

Private Enterprise View – Manufacturing $$
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Advanced Concepts Beyond 2050
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Advanced Concepts Beyond 2050
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Advanced Concepts Beyond 2050
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Advanced Concepts Beyond 2050
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Advanced Concepts Beyond 2050
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Really Far Future Concepts
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Really Far Future Concepts
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Really Far Future Concepts

Dyson 

Bubble 

concepts



59

Really Far Future Concepts

Concepts 

for Dyson 

Swarms
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Really Far Future Concepts

Concept for a 

Dyson sphere 

or shell
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Really Far Future Concepts

Example of “starlifting” by a Type III civilization. A toroidal swarm of satellites in mutually inclined orbits 

generates intense magnetic fields, in effect “squeezing” the star so that it expels matter from the polar 

regions. The energy required for starlifting is extracted from the star’s own radiation. A side benefit is 

that by removing the outer layers the pressure on the core is relieved, extending this star's life.

Type I harnesses the energy of an entire planet (~5 x1016 watts)

Type II can harness the energy output of its host star (~4 x1026 watts)

Type III can access the energy of an entire galaxy (~4 x1037 watts)

(Nikolai) Kardashev scale
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Stages of technological evolution of mankind, which far outpace the glacial pace of natural Darwinian

evolution. A caveman would be born with almost the same innate intelligence as the young boy at the

bottom, it’s what happens after one is born that makes all the difference: better nutrition, life-long

education, cultural/sociological factors, etc. Each generation is as bewildered as the one before.
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BACKUP
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Decomposition of Objectives

Lunar/Planetary Science

Goal: Address high priority planetary science questions that are best accomplished by on-site human 

explorers on and around the Moon and Mars, aided by surface and orbiting robotic systems.

Uncover the record of solar system origin and early history, by determining how and when planetary bodies formed and 

differentiated, characterizing the impact chronology of the inner solar system as recorded on the Moon and Mars, and 

characterize how impact rates in the inner solar system have changed over time as recorded on the Moon and Mars.

Advance understanding of the geologic processes that affect planetary bodies by determining the interior structures, 

characterizing the magmatic histories, characterizing ancient, modern, and evolution of atmospheres/exospheres, and 

investigating how active processes modify the surfaces of the Moon and Mars.

Reveal inner solar system volatile origin and delivery processes by determining the age, origin, 

distribution, abundance, composition, transport, and sequestration of lunar and Martian volatiles.

Advance understanding of the origin of life in the solar system by identifying where and when potentially habitable 

environments exist(ed), what processes led to their formation, how planetary environments and habitable conditions 

have coevolved over time, and whether there is evidence of past or present life in the solar system beyond Earth.
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Decomposition of Objectives

Heliophysics Science

Goal: Address high priority Heliophysics science and space weather questions that are best accomplished 

using a combination of human explorers and robotic systems at the Moon, at Mars, and in deep space.

Improve understanding of space weather phenomena to enable enhanced observation and 

prediction of the dynamic environment from space to the surface at the Moon and Mars.

Determine the history of the Sun and solar system as recorded in the lunar and Martian regolith.

Investigate and characterize fundamental plasma processes, including dust-plasma 

interactions, using the cislunar, near-Mars, and surface environments as laboratories.

Improve understanding of magnetotail and pristine solar wind dynamics in the vicinity of the Moon and around Mars.

Human and Biological Science

Goal: Advance understanding of how biology responds to the environments of the Moon, Mars, and deep space to advance 

fundamental knowledge, support safe, productive human space missions and reduce risks for future exploration.

Understand the effects of short- and long-duration exposure to the environments of the Moon, Mars, and deep space 

on biological systems and health, using humans, model organisms, systems of human physiology, and plants.

Evaluate and validate progressively Earth independent crew health & performance 

systems and operations with mission durations representative of Mars-class missions.

Characterize and evaluate how the interaction of exploration systems and the deep space environment affect 

human health, performance, and space human factors to inform future exploration-class missions.
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Decomposition of Objectives

Physics and Physical Science

Goal: Address high priority physics and physical science questions that are 

best accomplished by using unique attributes of the lunar environment.

Conduct astrophysics and fundamental physics investigations of 

space and time from the radio quiet environment of the lunar far side.

Advance understanding of physical systems and fundamental physics by 

utilizing the unique environments of the Moon, Mars, and deep space.

Provide in-depth, mission-specific science training for astronauts to enable crew to perform high-

priority or transformational science on the surface of the Moon, and Mars, and in deep space.

Enable Earth-based scientists to remotely support astronaut surface 

and deep space activities using advanced techniques and tools.

Develop the capability to retrieve core samples of frozen volatiles from permanently shadowed regions on the Moon 

and volatile-bearing sites on Mars and to deliver them in pristine states to modern curation facilities on Earth.

Use robotic techniques to survey sites, conduct in-situ measurements, and identify/stockpile samples in advance of and 

concurrent with astronaut arrival, to optimize astronaut time on the lunar and Martian surface and maximize science return.

Enable long-term, planet-wide research by delivering science instruments to 

multiple science-relevant orbits and surface locations at the Moon and Mars.

Return representative samples from multiple locations across the surface of the Moon 

and Mars, with sample mass commensurate with mission-specific science priorities.

Preserve and protect representative features of special interest, including lunar permanently shadowed regions and the radio 

quiet far side as well as Martian recurring slope lineae, to enable future high-priority science investigations.
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Decomposition of Objectives

Applied Sciences

Goal: Conduct science on the Moon, in cislunar space, and around and on Mars using 

integrated human and robotic methods and advanced techniques, to inform 

design and development of exploration systems and enable safe operations.

Characterize and monitor the contemporary environments of the lunar and Martian surfaces and orbits, including 

investigations of micrometeorite flux, atmospheric weather, space weather, space weathering, and dust, to plan, 

support, and monitor safety of crewed operations in these locations.

Coordinate on-going and future science measurements from orbital and surface 

platforms to optimize human-led science campaigns on the Moon and Mars.

Provide in-depth, mission-specific science training for astronauts to enable crew to perform high-

priority or transformational science on the surface of the Moon, and Mars, and in deep space.

Characterize accessible lunar and Martian resources, gather scientific research data, and analyze potential reserves to 

satisfy science and technology objectives and enable In-Situ Resource Utilization (ISRU) on successive missions.

Conduct applied scientific investigations essential for the development of bioregenerative-based, ecological life support systems.

Advance understanding of how physical systems and fundamental physical phenomena are affected by 

partial gravity, microgravity, and general environment of the Moon, Mars, and deep space transit.

Define crop plant species, including methods for their productive growth, capable of providing 

sustainable and nutritious food sources for lunar, Deep Space transit, and Mars habitation.
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Decomposition of Objectives

Lunar Infrastructure

Goal: Create an interoperable global lunar utilization infrastructure where U.S. industry and international 

partners can maintain continuous robotic and human presence on the lunar surface for a robust lunar 

economy without NASA as the sole user, while accomplishing science objectives and testing for Mars.

Develop an incremental lunar power generation and distribution system that is evolvable to support continuous 

robotic/human operation and is capable of scaling to global power utilization and industrial power levels.

Develop a lunar surface, orbital, and Moon-to- Earth communications architecture 

capable of scaling to support long term science, exploration, and industrial needs.

Develop a lunar position, navigation and timing architecture capable of 

scaling to support long term science, exploration, and industrial needs.

Demonstrate advanced manufacturing and autonomous construction capabilities 

in support of continuous human lunar presence and a robust lunar economy.

Demonstrate precision landing capabilities in support of continuous human lunar presence and a robust lunar economy.

Demonstrate industrial scale ISRU capabilities in support of continuous 

human lunar presence and a robust lunar economy.

Demonstrate local, regional, and global surface transportation and mobility capabilities 

in support of continuous human lunar presence and a robust lunar economy.

Demonstrate technologies supporting cislunar orbital/surface depots, construction and manufacturing 

maximizing the use of in-situ resources, and support systems needed for continuous human/robotic presence.

Develop environmental monitoring, situational awareness, and early warning 

capabilities to support a resilient, continuous human/robotic lunar presence.
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Decomposition of Objectives

Mars Infrastructure

Goal: Create essential infrastructure to support initial human Mars exploration campaign

Develop Mars surface power sufficient for an initial human Mars exploration campaign.

Develop Mars surface, orbital, and Mars-to-Earth communications to support an initial human Mars exploration campaign.

Develop Mars position, navigation and timing capabilities to support an initial human Mars exploration campaign..

Demonstrate Mars ISRU capabilities to support an initial human Mars exploration campaign.
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Decomposition of Objectives
Transportation and Habitation

Goal: Develop and demonstrate an integrated system of systems to conduct a 

campaign of human exploration missions to the Moon and Mars, while living and 

working on the lunar and Martian surface, with safe return to Earth.

Develop cislunar systems that crew can routinely operate to and from lunar orbit and the lunar surface for extended durations.

Develop system(s) that can routinely deliver a range of elements to the lunar surface.

Develop system(s) to allow crew to explore, operate, and live on the lunar surface and in lunar orbit with scalability 

to continuous presence; conducting scientific and industrial utilization as well as Mars analog activities.

Develop in-space and surface habitation system(s) for crew to live in deep 

space for extended durations, enabling future missions to Mars.

Develop transportation systems that crew can routinely operate between the 

Earth-Moon vicinity and Mars vicinity, including the Martian surface.

Develop systems for crew to explore, operate, and live on the Martian 

surface to address key questions with respect to science and resources.

Develop transportation systems that can deliver a range of elements to the Martian surface.

Develop systems that monitor and maintain crew health and performance throughout all 

mission phases, including during communication delays to Earth, and in an environment 

that does not allow emergency evacuation or terrestrial medical assistance.

Develop integrated human and robotic systems with inter-relationships 

that enable maximum science and exploration during lunar missions.

Develop systems capable of returning a range of cargo mass from the lunar surface to 

Earth, including the capabilities necessary to meet scientific and utilization objectives.

Develop systems capable of returning a range of cargo mass from the Martian surface to 

Earth, including the capabilities necessary to meet scientific and utilization objectives.
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Decomposition of Objectives
Operations

Goal: Conduct human missions on the surface and around the Moon followed by missions to Mars. Using a 

gradual build-up approach, these missions will demonstrate technologies and operations to live and work 

on a planetary surface other than Earth, with a safe return to Earth at the completion of the missions.

Conduct human research and technology demonstrations on the surface of Earth, low-Earth orbit platforms, cislunar platforms, 

and on the surface of the moon, to evaluate the effects of extended mission durations on the performance of crew and systems,

reduce risk, and shorten the timeframe for system testing and readiness prior to the initial human Mars exploration campaign..

Demonstrate the capability to operate robotic systems that are used to support crew members on 

the lunar or Martian surface, autonomously or remotely from the Earth or from orbiting platforms.

Validate readiness of systems and operations to support crew health 

and performance for the initial human Mars exploration campaign.

Evaluate, understand, and mitigate the impacts on crew health and performance of a long 

deep space orbital mission, followed by partial gravity surface operations on the Moon.

Optimize operations, training and interaction between the team on Earth, crew members on orbit, and a Martian 

surface team considering communication delays, autonomy level, and time required for an early return to the Earth.

Establish command and control processes, common interfaces, and ground 

systems that will support expanding human missions at the Moon and Mars.

Characterize accessible resources, gather scientific research data, and analyze potential reserves 

to satisfy science and technology objectives and enable use of resources on successive missions.

Operate surface mobility systems, e.g., extravehicular activity (EVA) suits, tools and vehicles.

Demonstrate the capability to find, service, upgrade, or utilize instruments and equipment 

from robotic landers or previous human missions on the surface of the Moon and Mars.

Demonstrate the capability of integrated robotic systems to support and maximize 

the useful work performed by crewmembers on the surface, and in orbit..

Demonstrate the capability to use commodities produced from planetary surface or 

in-space resources to reduce the mass required to be transported from Earth.

Establish procedures and systems that will minimize the disturbance to the local environment, maximize the resources 

available to future explorers, and allow for reuse/recycling of material transported from Earth (and from the lunar surface in 

the case of Mars) to be used during exploration.


