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What is Artemis?

Combines programs into missions
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Human Landing System: Option A 

Single Stage Lander



Gateway 

High power Solar Electric Propulsion System 
And Pressurized Crew Module 
Stationed in NRHO



Combine programs into missions.
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Deorbit, Descent, and Landing



Deorbit, Descent, and Landing
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• DSN state with 
dispersions, 
expected time 
before DOI
• Mass properties 

with dispersions

• Plan to use high 
altitude TRN? 
Passive or active?
• How does it 

improve state error 
after DOI?
• RCS engine 

specifications with 
dispersions to 
calculate attitude 
hold DV
• Onboard TRN maps

• TE Engine 
performance 
characteristics 
with dispersions

• Main and RCS Engine switching logic, 
performance characteristics               
(differential throttle TVC, dispersions)
• Location, pointing direction, activation 

time/range/altitude of descent sensors (TRN, 
NDL, Velocimeter, range finder, cameras. 
hazard detection) with performance 
dispersions and alignment errors 
• RCS performance characteristics
• Guidance algorithms
• Nav filter assumptions and error propagation
• Onboard TRN and HD maps
• Consider different landing sites, rock fields, etc.

OUTPUT: 
• Simulation Descriptions
• 8000 case Monte Carlos
• Integrated system performance w.r.t.: 

• Landing location
• Sensor data available to crew 
• Vehicle performance and mass 

margins (DV, prop, etc.)
• Guidance performance

• System closure

• TE Engine 
performance 
characteristics 
with dispersions

• TE & DE Engine 
performance 
characteristics with 
dispersions
• Transition events 

(transfer of GNC, etc.) 
• Separation dispersions
• IMU error propagation
• Navigation filter 

assumptions
• Window location and 

view angles during 
descent Manual Control Integration across all phases.



Challenges of landing at the lunar south pole



Characteristics of the South Pole

• Earth is upside down and spins backwards
• Sun and Earth only rise above the horizon 

~2 to 7 deg, casting long shadows
• Same side always faces the Earth
• Earth is in a 2-week cycle: visible 2 weeks, 

not visible two weeks
• Terminator, where light meets darkness, is 

not smooth
• Constantly changing lighting effects at the 

pole

Kaguya “Earth-Set” from the Lunar South Pole



Characteristics of the South Pole



Characteristics of Near Rectilinear Halo Orbit (NRHO)

• ~6.5 day period
• Visible from Earth 100%
• Periapsis of ~1500 km and apoapsis 

nearly 70,000 km
• Due to variations in Moon and NRHO, 

approach path varies orbit-to-orbit but has 
general left to right direction 

• Other Considerations:
• Assumes Gateway fixed NRHO, so can only 

descent to the surface once every 6.5 days 
(~55 opportunities to land per year)

• Earth/Moon orbital mechanics limit and SLS 
limits reduce ability to get to NRHO to ~28 
NRHO departure opportunities per year

Earth 



Key Artemis 3 Landing Requirements

1. Land within 6 deg latitude of the South Pole
2. Surface slope for landing: <10 deg
3. Surface slope limit for EVA: <20 deg
4. Direct with Earth (DWE) communication; assume no comm relay is 

available
5. Surface must be lit for whole surface stay duration: ~6.5 days
6. Land within 100 m of a target

• Gateway phased NRHO approach from “left”
• Passive TRN requires lit approach trajectory 
• Unknown how much of the trajectory needs to be illuminated

One strategy: Start by looking for the locations that are not available for landing



1. Land within 6 deg latitude of the pole

https://pgda.gsfc.nasa.gov/products/78

Earth 

Poor DWE

Orange boxes 
represent locations 
with highest fidelity 
resolution data 
with uncertainty 
datasets

Lunar South Pole

https://pgda.gsfc.nasa.gov/products/78


Green areas = slopes <10 
deg

White contours show 
continuous regions of 8 
deg slope

2. Surface slope for landing: <10 deg



Black designates 
slopes that exceed 20 
deg

3. EVA limited to slopes less than 20 deg



4. Direct With Earth Communication; no relay

Black designates slopes 
that exceed 20 deg 
+ Earth visibility less 25%



Black designates slopes 
that exceed 20 deg 
+ Earth visibility less 25% 
+ solar visibility less 5%

Green areas in white 
contours are viable areas
for initial site screening

5. Surface lighting for ~6.5 days



In general, higher elevations are better

Higher elevations don’t 
block Sun or Earth visibility 
and are less prone to 
dynamic shadows.



Human Landing 
Accuracy 
Requirements
100 m x 100 m

Past Robotic mission 
landing performance 
at Mars

Apollo 11 landing 
ellipse: 17 x 5 km

6. Land within 100m of a target

Gale Crater Mars



Challenges of landing at the South Pole: Lighting

One way to ensure 
100 m landing 
accuracy is to use 
Terrain Relative 
Navigation (TRN)

Passive TRN requires 
lit approach trajectory 

Unknown how much 
of the trajectory 
needs to be 
illuminated

June 2024 minimum 
lighting 

December 2024 
maximum lighting* 

*peak lighting conditions are 
periodic, and shift 2-3 weeks 
earlier each year, where by 
2030, peak solar illumination 
occurs around the month of 
August



Summary

• No landing site has been selected for Artemis III

• Landing at the lunar south pole pose many challenges and has many 
constraints not experienced during Apollo missions

• We continue to work to determine a safe and interesting place to land 



Summary

• Described Artemis I, II, III, IV
• Go to Florida to see a launch!
• Artemis I launch window opens August: Aug. 29, Sept. 2 and Sept. 5.***
• https://www.space.com/artemis-1-moon-rocket-launch-date-august-2022

• Described Human Landing System: Option A
• Described Deorbit, Descent and Landing 
• Described the challenges and Artemis III requirements for landing at 

the lunar south pole

*** “pending repairs and tweaks”

https://www.space.com/artemis-1-moon-rocket-launch-date-august-2022



