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Background 
Currently, there is no navigation technology that, on its own, can 
provide a reliable, robust, and infrastructure-free solution to the 
problem of positioning a pedestrian in all kinds of indoor 
environments. 



Problem description 

• Navigation technologies with 
complementary properties have 
different ”optimal” positions on 
the body. 
 

• The different systems tracks 
the states of different points on 
the body. 
 

• There is a non-rigid realtionship 
between the navigation points.  
 

• There is an upper limit    how 
spatially separated the systems 
can be.    
 



Mathematical problem formulation 

Navigation system #1 

Navigation system #2 



Propossed solution 



Solving the constraint LS problem (1) 



Solving the constraint LS problem (2) 



Approximating the covariance of the 
constraint estimate 



Summary of the propossed method  



Handling navigation systems with 
attitude estimates 



Experiment  

The OpenShoe navigation system  

• A user was equipped  two OpenShoe 
navigation system and asked to walk along a 
strait line for 110 m 

• As reference points plates with imprints of the 
shoes were positioned at 0[m], 10[m], and 
110[m]. 

• Twenty trajectories with 4 different OpenShoe 
units were collected.  

• The data was the processed with the proposed 
method.   
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Results 

Reproducible Research: The data and Matlab code used in this paper are available at www.openshoe.org. 



Conclusions  

• A method to fuse the navigation solution from two navigation system, 
when there is an upper limit on their maximum spatial seperation has been 
proposed. 

• The proposed method has been applied to two foot-mounted zero-velocity 
aided INS, and tested using real world data. 

• The results indicates that the method can reduce final position error 
significantly    
 

Bonus: 
• You may try the OpenShoe system with the propossed method at demo 

session. 
• A more statistically correct method can be found in:  
 
Zachariah, D.; Skog, I.; Jansson, M.; Händel, P.; , "Bayesian Estimation          
With Distance Bounds," Signal Processing Letters, IEEE , vol.19, no.12, 
pp.880-883, Dec. 2012    



Appling the method to two foot-
mounted zero-velocity aided INSs 

IMU #1 

IMU #2 



Pseudo code 
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