
Lunar Architecture and LRO 



Lunar Exploration Background 

  Since the initial Vision for Space Exploration, NASA 
has spent considerable time defining architectures 
to meet the goals 
 Original ESAS study focused on the basic 

transportation system architecture  
 Global Exploration Strategy (GES) activity (in 2006) 

with 13 other countries began the process of 
identifying objectives  

  NASA has performed multiple rounds of architecture 
work to develop concepts and approaches for 
establishing a lunar capability 



LAT-1 summary 

•  The first Lunar Architecture Team (LAT-1) used the 
GES objectives and the ESAS results to start the 
process of identifying components to a lunar strategy 
  An initial emphasis on an Outpost was recommended 

because it met a broad variety of objectives for future 
Mars exploration as well as facilitating a wide variety of 
science objectives on the moon. 

  A polar location was recommended because of it’s low 
delta-v requirements, potential science interest, and 
expected availability of sunlight for solar power 
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LAT-2 summary 

  The second Lunar Architecture Team (LAT-2) 
considered a broader range of objectives and 
concepts and defined more complete mission 
sequences 

  Clearly identified the need for a cargo lander 
  Increased emphasis on mobility on the lunar surface 

as critical to meeting many science and Mars forward 
objectives 

  Began considering come Operational concerns like 
cargo unloading, crew EVA, power infrastructure, and 
communications with Earth 



Pre-LCCR architecture work 

  Following LAT-2, Constellation focused on 
increasing the fidelity of the lunar transportation 
concepts (Ares V & Altair) while keeping the full 
suite of lunar objectives in mind 
  Considered ramifications of performance variations 

across the transportation architecture 
  Reviewed a specific surface architecture approach in 

more detail to understand impact on transportation 
system 

  Resulted in first major Lunar milestone, the Lunar 
Capabilities Concept Review (LCCR) in June 2008 



Lunar Surface Scenarios Families 

Scenario Description 
1 Full Outpost Assembly from LCCR (Trade Set 1) 
2 Mobility oriented Outpost from LCCR (Trade Set 2)  
3 Habitation oriented Outpost from LCCR (Trade Set 3) 
4 Rebuild of LCCR scenarios increasing crew flights to at least 2 per 

year 
5 Nuclear power based scenarios – Use a fission reactor as the 

primary power source 
6 Power beaming scenarios – Consider ways to beam power from 

orbit or surface to systems 
7 Recyclable lander – Scenarios that make massive reuse of lander 

components to build up the Outpost and surface infrastructure 
8 Extreme mobility – Scenarios that deploy Small Pressurized Rovers 

early and use them as primary habitation 
10 Refuelable lander – Scenarios that support a lander designed for 

multiple flights to and from LLO 
11 Mars Centric – Scenarios that optimize Mars exploration ties 
12 Combination of the best elements of Scenarios 4, 5, and 8 
13 Sensitivity analysis with varying cargo lander payload capacities 



Common Themes 

  The results of the architecture work to date suggest that human 
lunar activities should start with a focus on: 
  Pervasive Mobility; the ability to explore an extended range (up to 

hundreds of kilometers) around landing sites 
  Solar power with sufficient energy storage to keep assets alive between 

human visits 
  A need for human visits of varying duration; 7 day, 28 day, 60+ days 
  Emphasis on understanding the lunar environment and it’s applicability 

to human exploration objectives 
  Developing & testing science protocols 
  Testing planetary protection approaches 
  Improving reliability and functionality of EVA & life support systems 
  Testing systematic approaches for resolving complex problems such as dust 

mitigation and radiation protection 
  Providing opportunity for global cooperation and integration of 

capabilities from multiple partners 
  Providing these capabilities may be facilitated by a permanent 

infrastructure, but the architecture does not require one 



International Agency Engagement 

  Under the leadership of ESMD, the International Space Exploration 
Coordination Group (ISECG) has formed a subgroup of interested 
agencies to discuss human lunar exploration scenarios 
  Intent is to discuss common concepts and approaches for lunar 

architectures 
  Identify and advance standards that promote robustness of an 

exploration architecture 
  Exchange information on individual agency lunar exploration objectives 

and plans 
  Results to date 

  Have jointly developed architecture concepts that show promise 
  Agreed to develop a global ‘reference’ lunar architecture by summer 

2010 
  Key themes: 

  Site diversity 
  Sustainability 
  Mars Forward 

  Work of ISECG informs decision making of individual agencies 
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Strategy for International Campaigns 
•  Phase 1: Start at pole with a capability to perform ~28 day missions 

–  2 small pressurized rovers and the necessary energy 

•  Phase 2: Use relocatability to enable extended crew missions to “near polar 
locations” 

–  Relocate rovers to rendezvous with crewed lander and other international landers 
at “close” location (like Malapert ~100km range) 

–  Relocate rovers to rendezvous with crewed lander at more distant location (like 
Schrodenger ~ 500 km range) 

•  Phase 3: Utilize evolved assets to enable exploration via extended crew 
missions (at least 28 days) at non-polar regions 

–  Deliver two small pressurized rovers 
–  Base point / hub and spoke exploration mode  
–  Enabling energy/duration infrastructure deployed before  pressurized rovers 
–  Crewed landers always land near base point / hub, explore out and back in 28+ 

days 

•  Phase 4: Demonstrate extended stay capability (at least 60 days) 
–  Deliver two small pressurized rovers 
–  Habitat and all necessary mobility and energy 

•  Targeted Sortie missions to meet science objectives as needed 



How does LRO data help? 

•  A wide range of architecture options, evolving 
international relationships, and to be determined White 
House policy all mean that specific decisions on human 
lunar missions are not ready to be made 

•  As architectural concepts mature, the ability to inform the 
trade space and options discussion with more concrete 
data on possible mission activities can have a significant 
impact 

•  Community is ready to start discussing sample mission 
timelines and operations concepts 
•  LRO data in particular may provide the truth standard 

for assessing the possibility of implementing possible 
mission activities 



Terrain and Environment Assumptions 
  Crew arrives during Lunar Summer 

  12 days of eclipse (at Malapert latitude) 
  17 day of light (at Malapert latitude) 

  Crew lands on top of Malapert 
  Avoid shadowing complications caused by Malapert over a full lunar day at 

shallow sun angles. 
  Rim appears to be wide and has at least one gentle (~ 6 deg) slope for repeated 

access. (As seen on next slide) 
  Illumination Images over a typical lunar day 

  Malapert peak highlighted in red 
  Shackleton highlighted in blue 
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Dec. 20, 2023/Typical Start Dec. 27, 2023/Typical Middle Jan. 3, 2024/Typical End 



Topography Data 
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Shackleton 

Malapert 

Malapert’s western slope 
appears to be ~ 6 degrees. 
This could be a relatively easy 
drive up for ground supervised 
vehicles and for repeated 
crewed access. 

Malapert’s rim provides a good 
location for both solar power 
and communications. The rim 
appears to be similar to the 
rim of Shackleton that is 
planed for the outpost.  



Convoy to Malapert 

  Convoy prepares to leave Site A 
  After the 28 day crewed mission at site A is complete 
  ATHLETE picks up each service rover and the ISRU Demo Plant and 

places them on top of the power elements. 
  ATHLETE and SPRs drive to Malapert 

  Convoy drives at an average speed of 2 km/hr 
  Total distance is ~150 km 
  Convoy stops to recharge as well as explore sites of interest 

  Service rovers may be deployed from on top of ATHLETE to further 
enhance exploration if desired 

  Convoy has ~11 months to reach Malapert 
  Time between crew leaving Site A and landing at Malapert 
  If time permits, SPRs and service rovers may perform preliminary 

scouting of Malapert for landing areas and science interest 
  Prior to crew landing 

  All elements are charged and placed behind local topography for blast 
ejecta protection during landing. 
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Lunar Architectures 

  Defining human activities beyond LEO is likely to 
continue in some fashion as the agency future 
solidifies 

  Even if the moon is only one of many possible 
destinations, LRO data will be instrumental in 
helping define options for human and robotic 
activity. 


