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Korea Pathfinder Lunar Orbiter (KPLO)

• KARI is planning a series of lunar 
exploration missions beginning with 
KPLO, and then followed by a 
second orbiter and lander

• KARI has offered NASA a payload 
opportunity on KPLO, and 
participation in joint Science teams

• HEOMD is flying instrument(s) to 
acquire data that help address SKGs

• RFI released December 2015
• AO released September 2016



EM-1 Secondary Payloads
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INTERIM 
CRYOGENIC 
PROPULSION
STAGE

13 CUBESATS 
SELECTED TO FLY ON 
EM-1
• Lunar Flashlight
• Near Earth Asteroid Scout
• Bio Sentinel
• LunaH-MAP 
• CuSPP
• Lunar IceCube
• Skyfire
• EQUULEUS (JAXA)
• OMOTENASHI (JAXA)
• ArgoMoon (ESA)
• STMD Centennial Challenge Winners
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• In 2014, NASA competitively selected U.S. private-sector partners, based on likelihood of successfully 
fielding a commercially-viable lunar surface cargo transportation capability

• Evaluation criteria included:
• Technical approach and development schedules
• Technical risks and mitigation plans
• Business plans and market strategies
• Equity and debt financing
• Transportation service customer agreements

• Lunar CATALYST Space Act Agreement (SAA) Partnerships
• Term: 3 years (2014-2017) with option to extend
• No-funds-exchanged
• Substantial in-kind contributions from NASA (~$10M/year)

• Technical Expertise
• Test Facilities
• Equipment loans
• Software

• Technical and financial milestones
• Partners:

• Astrobotic Technology
• Masten Space Systems
• Moon Express

• http://www.nasa.gov/lunarcatalyst

Close Technical Collaboration

Leveraging NASA expertise
(Above: NASA Mighty Eagle & 

Morpheus vehicles)

Technology and System 
Development and Testing
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Through Lunar CATALYST, 
NASA is helping partners 
lower risks, conduct tests, 
and accelerate vehicle 
development to launch

Overview
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Astrobotic Technology - Selected Accomplishments/Status (Mar 2017)

• Completed 7 of 20 Lunar CATALYST technical and 
financial milestones. NASA providing technical 
support (e.g. propulsion, GNC, flight software, 
structures, thermal, avionics, communications)

• NASA Core Flight Software (CFS) baselined and 
incorporated with NASA training / consultation 

• End-to-end mission simulation developed
• NASA trajectory analyses enabled ∆V reduction
• Wifi radios tested for lunar surface operations
• Peregrine Lander PDR completed
• First lunar missions planned in 2019 and 2021
• Astrobotic business development highlights:

-- Airbus DS partnership
-- DHL sponsorship
-- 9 payload customers booked (e.g. Mexican

Space Agency), payload MOU with DLR Peregrine Lander

PDR with NASA Lunar CATALYST Support

Analysis / Testing
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• Completed 13 of 22 Lunar CATALYST technical and 
financial milestones. NASA providing technical 
support (e.g. propulsion, GNC, flight software, 
structures, thermal, avionics)

• NASA Core Flight Software (CFS) baselined and 
incorporated with NASA training / consultation

• Developing XL-1T lunar lander terrestrial technology 
demonstrator for flight testing

• System PDRs for propulsion, GNC, structures, and 
landing gear completed for XL-1 lunar lander

• Hotfire tests of reduced-toxicity hypergolic engine for 
XL-1T and XL-1

• First lunar mission planned no earlier than 2020 (XL-1)
• Masten business development highlights:

-- ULA partnership: development of eXperimental
Enhanced Upper Stage (XEUS) lunar lander

-- All financial milestones met

XL-1T & XL-1 landers

XL-1 Main Engine Hotfire Test

Masten Space Systems - Selected Accomplishments/Status (Mar 2017)

XEUS lander
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• Completed 6 of 16 Lunar CATALYST technical and 
financial milestones. NASA providing technical support 
(e.g. propulsion, GNC, flight software, structures, thermal, 
advanced manufacturing)

• NASA Core Flight Software (CFS) baselined / incorporated
• Tethered flight tests of MTV-1X test vehicle at KSC
• MX-1E Lander detailed design completed
• First lunar mission planned in late 2017 (MX-1E lander)
FAA favorable payload determination for first mission

• Lunar south pole mission planned in 2018
Sample return mission planned in 2020

• Moon Express business development highlights:
-- Fully funded for first lunar mission
-- Multiple payload customers booked
-- Contract with Rocket Lab for 3-5 Electron launches

starting in 2017, 1st launch from New Zealand
-- Agreement with Air Force to use CCAFS LC 17/18 as

headquarters and lunar lander R&D / flight test facility

MX-1 lander

MTV-1X Tethered Flight Test

Moon Express - Selected Accomplishments/Status (Mar 2017)

Lunar Sample Return Mission



Towards a New Commercial Role in Lunar Exploration 
Motivation

• The National Aeronautics and Space Act requires NASA to "seek and encourage, to the maximum 
extent possible, the fullest commercial use of space” (51 U.S.C. §20102 and 20112)

• Commercial lunar cargo transportation services available to both public and private customers could 
enable more affordable missions devoted to science, exploration, and public engagement

Opportunity
• Increasing private investment in space transportation systems
• Decades of accumulated NASA technical experience relevant to lunar cargo transportation

Commercial Lunar Cargo Transportation Strategy:  2-Step Approach
1. Lunar CATALYST public-private partnerships to develop commercial lunar landing capabilities 

– Since 2014 Lunar CATALYST Space Act Agreement partnerships have been bringing together substantial 
talent and resources from NASA and three competitively-selected U.S. companies to develop robotic 
lunar landers that could enable some of the first commercial missions to the Moon

2. NASA procurement of lunar cargo transportation services, as soon as warranted by availability of 
supply (commercial providers) and demand (NASA payloads)
– Multiple companies plan to provide cargo delivery services to the Moon in the 2017-2020 timeframe
– Lunar surface payloads can address various NASA strategic objectives, such as understanding the lunar 

environment and resource potential (to supplement Resource Prospector)
– NASA issued a Small Lunar Surface Payload RFI to assess near-term availability of payloads that can be 

delivered commercially; results received in Dec 2016 are informing acquisition plans
– Timing of solicitations for lunar payloads and related transportation services has not been decided, 

pending review of policy and budget guidance
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Small Lunar Surface Payload RFI
• Small Lunar Surface Payload Request for Information (RFI) Issued (Nov 2016)

• NASA RFI to assess availability of payloads that could be delivered to the Moon as early as the 2017-
2020 timeframe using emerging U.S. commercial lunar cargo transportation service providers

• Payloads should address NASA exploration or science strategic objectives and knowledge gaps
• Indicated intent for significant cost-sharing between NASA and payload providers
• Input informs potential plans to procure payloads and related lunar delivery services

• Potential Cost-Sharing with Lunar Transportation Service Providers
• NASA’s issuance of the RFI stimulated public announcements on payload cost-sharing by two 

emerging U.S. providers of lunar transportation services:
Moon Express (cost-sharing up to $1.5M):
“Will provide up to $500,000 in funding for each instrument selected by NASA to fly aboard the company’s 
first three commercial lunar missions of opportunity, beginning in 2017”

Astrobotic Technology (cost-sharing up to $12M):
“For every payload selected by NASA to fly on Astrobotic’s first mission, Astrobotic will provide an additional 
flight to payload providers on the company’s second mission at no charge.”

• RFI Response (Dec 2016)
• Variety of relevant and viable payloads in the 2017-2020 timeframe were identified
• Varying degrees of cost-sharing were proposed

• NASA (HEOMD Advanced Exploration Systems) drafting 2 potential new solicitations 
(Instruments; Landed services) as early as FY2017
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Resource Prospector (RP) Overview
Mission:
• Characterize the nature and 

distribution of water/volatiles 
in lunar polar sub-surface 
materials

• Demonstrate ISRU 
processing of lunar regolith

2 kilometers

100-m radius 
landing 
ellipse

RP	Specs:
Mission	Life:	6-14	earth	days

(extended missions being studied)
Rover + Payload Mass: 300 kg

Total system wet mass (on LV): 5000 kg
Rover Dimensions:  1.4m x 1.4m x 2m

Rover Power (nom): 300W
Customer: HEOMD/AES
Cost: ~$250M (excl LV)
Mission Class: D-Cat3

Launch Vehicle: EELV or SLS



Resource Prospector – The Tool Box

The Rover
• 300 kg class rover
Ø Solar powered, DTE 

comm
Ø Mobility system

• Active suspension 
• All-Wheel Steering & All-

Wheel Drive
• Cameras
Ø Navigation & Hazard
Ø Hazard Detection / 

“Virtual Bumper”
• Nominal speed is 10 cm/s 

(Prospecting) with sprint 
speeds of 50 cm/s

RP15 Rover – NASA Edge



Resource Prospector – The Tool Box

Neutron Spectrometer System (NSS)
• Water-equivalent hydrogen > 0.5 wt% 

down to 1 meter depth with 2 m spatial 
sampling

NIR Volatiles Spectrometer System 
(NIRVSS)
• Surface H2O/OH identification (1.6-3.4 
µm)

• Subsurface sample characterization (with 
drill)

• Multi-color imaging of drill 
cuttings/surface (eight colors between 
0.4-1.1 µm)

• Scene thermal radiometry (8, 10, 14 & 25 
µm)

Sensor Module
(HVPS and Front-End 
Electronics)

Thermal neutron  
detector

Epithermal  neutron 
detector

Data Processing 
Module



Resource Prospector – The Tool Box

Drill
• Subsurface sample acquisition down to 1 meter 

in 0.1 m “bites”
• Auger for fast subsurface assay with NIRVSS
• Sample transfer to OVEN for detailed subsurface 

assay

Cuttings exit



Resource Prospector – The Tool Box

Oxygen & Volatile Extraction 
Node (OVEN)
• Volatile Content/Oxygen Extraction 

by step-wise sample heating (150 to 
450C)

• Total sample volume & mass

Lunar Advanced Volatile 
Analysis (LAVA) 
• Analytical volatile identification and 

quantification in delivered sample 
with GC/MS

• Measure water content of regolith at 
0.5% (weight) or greater

• Characterize volatiles of interest 
below 70 AMU 0
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Mass spectrum of air measured using TRL5 
mass spectrometer system.
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RP15: Surface Segment (Payload/Rover)
Subsurface Sample Collection            
Drill

Resource Localization                      
Neutron Spectrometer 
System (NSS)

Sample Evaluation                 
Near Infrared Volatiles 
Spectrometer System (NIRVSS)

Volatile Content/Oxygen Extraction                         
Oxygen & Volatile Extraction Node (OVEN)Operation Control               

Flight Avionics

Surface Mobility/Operation
Rover

Volatile Content Evaluation
Lunar Advanced Volatile Analysis 
(LAVA) 

Power
Solar Array 
(simulated)

Vision & Comm
Camera/Antenna Mast

Heat Rejection                         
Radiator 
(Simulated)



Habitation Systems 
NextSTEP Habitation Overview
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Cislunar habitation concepts that leverage 
commercialization plans for LEO NextSTEP Phase 1: 2015-2016 

BIGELOW 
AEROSPACE

LOCKHEED 
MARTIN

ORBITAL 
ATK

NANORACKS

NextSTEP Phase 2: 2016-2018 

Partners develop required deliverables, including concept descriptions with concept of 
operations, NextSTEP Phase 2 proposals, and statements of work.

Initial discussions 
with international 
partnersFIVE GROUND

PROTOTYPES 
BY 2018

• Partners refine 
concepts and develop 
ground prototypes. 

• NASA leads standards 
and common interfaces 
development.

FOUR 
SIGNIFICANTLY 
DIFFERENT 
CONCEPTS 
RECEIVED

ONE CONCEPT STUDY
ORBITAL ATK

BOEING

SIERRA NEVADA 
CORPORATION

LOCKHEED MARTIN ORBITAL ATK BOEINGBIGELOW AEROSPACE

Define reference habitat 
architecture in preparation 
for Phase 3. 

• Partnership and Acquisition approach, 
leveraging domestic and international 
capabilities

• Development of deep space habitation 
capabilities

• Deliverables: flight unit(s)

Phase 3: 2018+
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Science Enabled by Humans at a Deep Space Habitat 
in the Lunar Vicinity
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• Lunar Surface Science using Telerobotics
– Facilitate access to challenging regions by low-latency telerobotics (e.g. permanently shadowed crater floors)
– Set up surface instrumentation

• Human-assisted lunar sample return
– Increased return through more and improved selection of lunar samples
– Only need to get samples to the Deep Space Habitat, not all the way to Earth. They are returned with the crew in 

the Orion

• Staging post for human/robotic missions
– Could provide repeat access with a reusable lander
– Can act as a fuel/maintenance depot

• Understand combined effects of radiation/fractional-gravity
• Additional Science Opportunities

– Astronomical Observations
– Fundamental Physics
– Collecting Interplanetary Material
– Heliophysics
– Monitoring Earth’s Atmosphere
– Deep Space Habitat as a Comm Relay

• Enables government/commercial farside exploration
• Lowers the bar for improved cubesat exploration

The lunar vicinity may not be the “ideal” location for all types of science instruments, yet the 
presence of humans and their associated infrastructure provides opportunities can yield Decadal 

relevant science


