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Landing spacecraft on other objects in the solar system provides a unique opportunity to make direct in 

situ science measurements, but extraterrestrial environments create unique challenges for the design 

and testing of the system.  For many science destinations of interest it is either not possible or not 

practical to map landing sites of interest prior to landing.  This is especially true for moons of the outer 

planets as reconnaissance requires long-range planning and mapping orbits that may not be practical 

(e.g., the high-radiation environment that would be experienced by a spacecraft in orbit around 

Europa).  In some cases, exploration can both draw upon technologies from past missions and also make 

more direct use of Earth-based technology developments to produce exciting mission opportunities 

while reducing risk.  Two main areas to consider are the propulsion/lift systems employed during 

descent and sensing systems for landing technologies. 

Many targets of interest have low surface gravities which allow unique opportunities for identifying safe 

landing sites by extending the landing timeline with reduced use of resources.  This additional time can 

be used to execute landing-site assessment.  With the development of new, improved technologies and 

more complex mission architectures, methods for ensuring safe landing sites have advanced significantly 

over the years.  Initial landing concepts can be viewed as a priori identification of safe landing sites with 

large landing areas and limited knowledge of the terrain.  This approach was used for the Surveyor lunar 

landers and for Mars landers, which had landing-ellipse errors on the order 10 km and 100 km 

respectively.  For such missions, planners must target a large safe landing area and accept risk of landing 

on a large hazard.  More recent mission concepts make use of terrain relative navigation (TRN) to more 

precisely target a landing site using higher resolution maps of the region.  This type of approach can be 

used to identify a smaller safe landing site such as is planned for Mars 2020 and the Europa Lander 

project.  In this approach, the vehicle uses an on-board map to fly to the known safe landing site.  A 

third approach is to add onboard capability to perform safe landing site identification.  With this 

strategy, the exact obstacles may not be known a priori so an onboard sensor is used to scan the terrain 

below the lander for a safe landing site.  This type of technology was demonstrated as part of NASA’s 

ALHAT program using a gimbaled flash lidar, and image-based hazard detection has been flown on the 

Chinese Chang’e lunar lander. 

A typical landing sequence would include a number of basic phases.  First, coarse targeting would be 

executed, based on science objectives and available survey information, to a region containing relatively 

flat areas.  Second, the vehicle would perform a controlled descent to translate over terrain while 

descending to the surface and using onboard sensors to identify a safe landing site.  These sensors can 

include TRN flash lidar, and scanning lidar.  Lidar sensors are very accurate, and the data they produce 

can be processed quickly to assess the suitability of a landing site on an on-the-fly basis.  Mission risk can 

be further reduced by including a hover phase (e.g., MSL sky crane) during terminal descent to allow 

very fine landing-site details to be observed and to optimize the final landing site selection.  This suite of 
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sensors constitutes a very powerful means for performing high-precision landing site assessment that 

far exceeds the capability of orbital assets and can be flown at a fraction of the cost of traditional survey 

platforms.  Implementation of real-time in situ landing-site assessment will significantly broaden the 

number of accessible science targets.  These technologies are economical and are ready to implement 

today. 
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