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Realistic assumptions are that: (a) the position of the manipulated object and (b) the 
position of the environment are known with uncertainties, while (c) the contacts 
produced during the demonstration are unknown. They must be estimated using 12 
time series of positions and forces measured during the demonstration. We obtain 
the corresponding posterior distributions of continuous parameters (a, b) and state 
(c) using a suitable Bayesian filtering.

Programming industrial robots is a time consuming and expensive operation to be 
performed at every change of product in manufacturing industries.

We focus on robotic tasks that involve contact between the objects manipulated by the 
robot and the environment in which it operates such as assembly. We follow a strategy 
for robot programming based on human demostration in which an operator shows the 
robot the task to perform. A human operator manipulates the object to be assembled 
which is equipped with sensors to measure its positions and the forces arising during 
the interaction with the enviroment.

Sequence of modal CFs Probabilities 

Manual Task Planning

User specifies all the actions and 
foresees the sensorial inputs to control 

de task

Automatic Task 
Planning

User specifies start and goal 
configuration and the trajectory is 

found automatically

Programming by Human Demostration

User shows the robot what to do by demostration 

THE PROBLEM 

RESULTS  AND CONCLUSIONS

• We present an application of the West and Liu filter to the problem of simultaneous parameter and state 
estimation. 

• The cube+corner system is a highly non linear hybrid system with 245 possible discrete states.  In spite of 
the complex setting, the filter shows a good performance, identifying the contact formations and estimating 
the geometric parameters used in the demonstration process.  

• We use uniform prior distributios for enviroment positions with range for X and Y 1.6 cm and Z 30 cm, while 
for rotations  the range is 0.01 rad in all directions. The uncertainty about  the manipulated object is 
practically eliminated. 

• Here we are making inference about the environment pose wrt to world geometrical parameters. Further 
work involves making inference about the rest of the parameters (object pose wrt manipulator pose). 

• Another important issue is the use of statistics on the manifold SE(3), (space of rigid body displacements) 
in order to avoid inconsistency (e.g. lack of invariance) when using Euclidean Space Statistics. 

MODEL AND  POSTERIOR APROXIMATION
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Prior (dotted line) and Posterior (solid line) distributions for 
parameter positions: y (vertical plane) and z (horizontal 
plane). 


