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Original solutions for navigation on the surface of Mars planet, especially applicable to 
astronauts, are proposed and investigated. Without satellites positioning system, it is proposed 
an autonomous localization and navigation system with multiple solutions, based only on 
inertial measurement units and laser telemeters, it permits to astronauts to navigate both in 
known and unknown environment.  
 
                           

 
 



 
 
 
The estimation of the position of astronauts is done using non linear adaptive filters as the 
extended Kalman filter, the sigma point Kalman filters, divided differences Kalman filters and 
also using particle variant non linear filters. The new approach answers the problem of how to 
extend the existing solutions of localization and Navigation on the earth to Mars surface, 
according to changes of the magnetic field, gravity and orbital parameters. The IIAAT is 
engaged in this new field of research and expect seriously to realize the first experimental 
model for Astronaut space suit.  
 

  
 
 
Mathematical model : 
 
The estimation is based on inertial sensors such as accelerometers and gyrometers. 

Attitude 
Position 
Velocity 



 
 
IMU’s    
 
      
 
 
 
 
 
 
 
 
 
 
 
 
 
Direct and Indirect estimation techniques are applied: 
 
 
 
Direct model:   
 
 
 
Indirect model:  
 
 
 
 
 
 
 
Solutions for Filter’s update (KF, EKF, SPKF, DDF and PF):  
 

1. ZUPT 
2. RDUPT 
3. RVUPT 
4. HUPT &  RHUPT   ( Height Update & Relative Height Update) 
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