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Demands for planetary landing  
Unmanned exploratory missions to e.g. Mars involve a landing phase, where the 
spacecraft descends vertically to the planetary surface. In order to minimize the 
impact during landing a breaking system of parachutes and airbags is employed. 
This system is uncontrolled and hence not able to adapt to unforeseeable 
situations. Indeed, landing spacecraft may easily hit a stone, slide down crater 
rims or be dragged along by strong winds on the planetary surface. In all these 
events, the costly mission is highly endangered as failures in landing systems in 
the near past have proven. Due to the communication round-trip delay time 
between the spacecraft and ground control, external supervision of the descent is 
impossible. As a consequence, a landing device is desired that can 
autonomously stabilize the descent and visually guide the spacecraft to a safe 
landing place.  
Auto-piloting systems as known from modern aircrafts are capable of landing 
safely. However, such systems cannot be employed for planetary landing for 
several obvious reasons such as the lack of predefined and properly equipped 
runways. Besides, a system with rigid wings and complex control architecture 
would require a too large fraction of the highly restricted and costly payload 
during launch. 
 
Gliding cockroaches 
In sight of the constraints of 
conventional technological solutions, 
ESA’s Advanced Concepts Team 
explores biological ‘landers’ as a 
source of inspiration for the 
conceptual design of a lightweight and 
simple yet autonomous and reliable 
system that qualifies for future 
unmanned missions to planetary 
surfaces. The male of some 
cockroach species (e.g. Balatta 
orientalis, figure 1) have only very 
rudimentary flying abilities. If such a 
male cockroach falls off from an 
elevated point, it can be watched 
using its rigid and small wings to obtain control over their descent and hence 
minimize the impact on the ground [Seidl, personal observations].   

 
Figure 1. Blatta orientalis. While the female
(right) are wingless, the male (left) obtain of 

rather short and rigid wings that allow for 
gliding descents. (Photo taken from 

www.wikipedia.de) 
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Concept of a ‘cockroach lander’ 
Assuming that gliding descents are generally far less complex in its control 
architecture, more robust in its technical design [1] and volume-mass efficient 
than other flying systems (be it technical ones with rigid wings or biological ones 
with flapping wings) would be, we aim at mimicking the cockroach’s descent 
behavior. Three fields are in the focus of our interest: (i) wing design, including 
robustness, aerodynamics and kinematics during descent (ii) the control 
architecture of the auto-piloting system, focusing on the exploitation of both 
visual and air-flow stimuli and (iii) the way of choosing an appropriate landing 
site, especially real time surface characterization and object avoidance [2]. 
 
Perspective 
The concept of a ‘cockroach lander’ integrates three biomimetic approaches at 
the same time. The sensorial mechanisms of navigation and piloting flying and 
running insects are well understood and in some cases already on the way to 
technical implementation by various research groups (e.g. [3-8]) and hence 
would soon be available for integration. The field of Artificial Intelligence has a 
strong emphasis on feature extraction of visual data and hence would play an 
important role in this project. The gliding behavior of cockroaches so far is not 
examined and only some neurobiological data on flying cockroaches are 
available [9]. Additionally to that its performance in the Martian environment 
needs to be estimated. The challenge of this project is a deepening of the 
required biological knowledge and the successful integration of the three systems 
in order to mimic the deserved biological behavior. 
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