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Introduction:  Safe and precision landing capabili-

ties have been identified as enabling for future missions 
and have been studied by the European Space Agency 
(ESA) in the past decade. In particular, demonstration 
of technologies for safe and precision landing was the 
major objective of the Lunar Lander mission [1], stud-
ied to a phase B1 level. They may require further adap-
tation for different mission scenarios, but the time is 
early enough to re-direct their development to satisfy a 
broad scope of needs from other potential customers.  

Safe and precision landing on the Moon: Past 
robotic lunar missions (e.g. Surveyor, Luna) featured 
several km’s of landing dispersion [2]. This meant that 
the selected landing areas had to satisfy the science 
objective criteria and present benign conditions for a 
safe landing over an extended surface (several km2). 
This can potentially limit the number of landing loca-
tions that can be reached and the scope of investigation 
or exploitation that can be performed in situ.  

Landing dispersion on the Moon typically depends 
mainly on the navigation errors during the Descent and 
Landing phase. Means to reduce the navigation errors 
are to improve orbit determination from ground or pro-
vide the lander with on-board capabilities to improve 
the position knowledge. In the absence of a navigation 
infrastructure on the Moon (e.g. GPS-like), the lander 
can use images of the surface taken by an board camera 
in order to detect surface landmarks and match them 
with a database generated in advance of the mission 
(using data from previous missions such as the Lunar 
Reconnaissance Orbiter and Kaguya) and stored on-
board. This technique, called Visual Absolute Naviga-
tion, has been studied and implemented in the frame of 
the Lunar Lander study, in which navigation error per-
formances of few hundred metres at touch-down have 
been estimated.   

Another enabling technique studied by ESA since 
almost a decade is the Visual Relative Navigation [3], 
which uses image features tracked over a sequence of 
images taken during descent by the on-board camera, 
in combination with measurements from an IMU and 
an altimeter, to provide information on the translational 
state of the lander (velocity) without the need of a ded-
icated sensor (e.g. radar doppler), at the same time 
improving the position estimation by limiting the drift 
of the position error, compared to a purely inertial nav-
igation solution. 

Landing safety, intended as ensuring the integrity of 
the lander and its payload at touchdown and their oper-
ability after landing, is also of utmost importance. The 
general approach for exploration missions is to analyse 

and select the landing sites based (among other criteria) 
on the distribution of surface hazards (e.g. slopes, 
rocks etc) and estimating the risk posed to the mission 
by those hazards. This on one hand reduces greatly the 
number of sites that can be reached and on the other 
hand leads to success probabilities in the range 95-
99%, which may be unacceptable for future missions. 
The solution is to provide the lander with the capability 
to detect and avoid, in real time during landing, haz-
ards that might be present at the designated landing 
spot. Hazard Detection and Avoidance (HDA) systems, 
based on camera and LIDAR sensors, has been studied 
and implemented by ESA in the frame of the Lunar 
Lander activities.  

Development logic: Systems for safe and precision 
landing involve the integration of several cutting-edge 
technologies, such as high-resolution wide angle cam-
eras, imaging LIDARs and fast and reliable avionics. 
Due to the criticality of this development, ESA has 
started a number of pre-developments activities in this 
area. A GNC and Avionics sub-system demonstrator is 
currently under development, implementing the com-
putational demanding Navigation and HDA functions 
on dedicated boards and integrating them in a repre-
sentative avionics environment for real-time processor 
in the loop tests. A consolidated design has been 
achieved for the LIDAR, and several components 
breadboards have been tested successfully.   

Further steps include prototyping of the sensors and 
avionics, hardware in the loop tests and filed tests (for 
example on-board an helicopter). The Agency is cur-
rently investigating the possibility to embark Naviga-
tion and HDA functions on board the Luna Resurs 
lander for an end-to-end demonstration in flight of the 
systems [4].  

Conclusions and outlook: ESA is well placed at 
global level in the development of advanced technolo-
gies providing enabling capabilities for safe and preci-
sion landing. A substantial investment has already been 
put in place in this area and unique industrial capabili-
ties exists in Europe. These technologies need a sub-
stantial effort for development and validation, but can 
be potentially on time for future exploration ventures 
requiring specific capabilities, such as landing in small 
and/or hazardous areas offering unique resources, land-
ing safely close to existing assets, landing topographic 
peaks at the poles offering extended illumination etc.  
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