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Abstract

Å Engineering a Successful Mission: Lessons from the Lunar Reconnaissance 
Orbiter

Å Schedule pressure is common in the commercial world, where late delivery of a 
product means delayed income and loss of profit. Research spacecraft developed 
by the government, on the other hand, tend to be driven by the high cost of launch 
vehicles and the public scrutiny of failure--the primary driver is ensuring proper 
operation in space for a system that cannot be retrieved for repair. The Lunar 
Reconnaissance Orbiter (LRO) development faced both schedule pressure and 
high visibility. Originally conceived as one of many small, annual robotic 
missions to explore the moon in advance of the next human campaign, LRO 
became the only NASA mission to the moon for the next few years, but NASA 
was already committed to launch this 7-payload spacecraft within 2-1/2 years of 
confirmation. The team had to balance the strong push to meet a 2008 launch 
against the need to ensure that this first mission for Exploration succeeded. In the 
end, national launch priorities delayed LRO and reinforced the emphasis on 
mission success, an outcome ensured by the teamôs diligence along the way. This 
presentation will provide an overview of the mission from concept through 
commissioning and explore some of the challenges the systems engineering team 
faced taking a mission from preliminary design review to pre-ship review in 3 
years.
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Topics

ÅLunar Facts

ÅLRO Objectives

ÅLRO Results to Date

ÅProgrammatic Environment During Development

ÅChallenges and Approaches

ÅI&T Overview 

ÅObservations and Lessons Learned
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How far away is the moon?

9.1 um IR image from Mars Odyssey on April 19, 2001



56/16/10, INCOSE, LRO, D. Everett, NASA GSFC

Scale distance and size

ÅEarth = 12 inches in diameter

ÅMoon = 3-1/4 inches in diameter

ÅMoon distance = 30 feet

ÅSun diameter = 108 feet

ÅSun distance = 2-1/4 miles

ÅPluto distance = 88 miles from sun
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Moon Facts

ÅDiameter:  3476 km (27% of earth)

ÅLand area:  38 x 106 sq km (25% of earth)

ïMore than North America and Europe combined

ïA little less than Asia

ÅDistance from earth:  ~30 earth diameters

ïMinimum:  356,375 km

ïMaximum:  406,720 km
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Earth Rise, December 1968
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LRO Beginning

ÅJanuary 2004, the President announced the ñVision for Space 

Explorationò, sending a ñseries of robotic missionsò to the 

moon ñbeginning no later than 2008ò.

ÅAnnouncement of Opportunity for LRO instruments released 

in June 2004; target launch October 2008.

ÅSix instruments selected in December 2004.

ïSelected instruments had strong relationship to recently-flown 

instruments

ÅFunding started in early 2005.

ÅTechnology demonstration payload added in April 2005:

ïMini -RF development significantly behind other instruments

ïData rate and power consumption are significant
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LRO Objectives, Polar Focus

ÅCharacterize landing sites

ïHigh-resolution mapping

ïSurface characterization (slope, roughness)

ÅIdentify resources

ïWater

ïMinerals

ïSunlight

ÅCharacterize radiation environment

ïEnergy deposited in tissue-equivalent plastic

ïNeutron albedo
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Lunar Rover, Schmidt, Big Boulder
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Dangers of Poor Reconnaissance

ñThe Apollo 15 Lunar Module 
accidentally set down on the 
rim of a crater such that its 
engine bell was damaged, 
and with one of the legs in 
the crater, at a tilt of 10, just 
5 below the maximum 
acceptable angle [Baker, 
1982; Harland 1999]. 
Hazards from craters of this 
size are best detected with 
meter scale topography and 
high incidence angel (80) 
images - both provided with 
the LROC NAC.ò

(LROC web site:  
http://lroc.sese.asu.edu/object
ives.html)

http://lroc.sese.asu.edu/objectives.html
http://lroc.sese.asu.edu/objectives.html
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Why the Poles and Where?

ÅCold traps exist near the lunar poles (Watson et al., 1961)

ïLow obliquity of Moon affords permanent shadow in depressions at 

high latitude.

ïTemperatures are low enough to retain volatiles for t >Moon.
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LRO Instruments and Investigations

LOLA: Lunar Orbiter Laser Altimeter
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- Hazards

- Resources
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LAMP: Lyman-Alpha Mapping Project

- Water-Frost

- PSR Maps

Night Side

Autonomous
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LR: Laser Ranging

- Topography

- Gravity

GSFC LOS

Autonomous

LROC/WAC: Wide-Angle Camera

- Global Imagery

- Lighting

- Resources

Day Side

Autonomous

LEND: Lunar Explr. Neutron Detector

- Neutron Albedo

- Hydrogen Maps

Full Orbit

Autonomous

Mini-RF: Synthetic Aperture Radar

- Tech Demonstration

- Resources

- Topography

Polar Regions

Timeline Driven

CRaTER: Cosmic Ray Telescopeé
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LRO Payload Layout



156/16/10, INCOSE, LRO, D. Everett, NASA GSFC

CRaTER
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Diviner

Temperatures 

down to ~35 K!
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LAMP

Shadowed 

craters are dark 

under ultaviolet 

illumination
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LEND

Neutron absorption 

does not always 

correlate with 

permanent 

shadows
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LOLA Global Topography
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Lunar Far Side Altitudes
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LOLA Laser Altimetry Data
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LROCðWide and Narrow Angles

WAC Mosaic of ñCobra Headò

*Image width: 55 km

NAC closeup of WAC region marked 

by arrow    *Image width: 500 m


