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5th Problem Set

This is the fifth and last problem set of the course. In this problem set, sub-optimal dynamic and parameter estimation solutions are envisioned for several nonlinear problems. The discrete time solutions can be tackled resorting to the Extended Kalman Filter or other non-linear observers studied.
Problem
The main purpose of this problem is the development of a target tracker system for applications in 2D (e.g. a ship, or a person walking). The target is moving according to the dynamics 
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where h=1 sec is the sampling period and the state variables in this model are the position coordinates x, y e de target heading ψ, respectively. The disturbances present in the process are Gaussian, white, and with zero mean, with covariances ζx=1 m2, ζy=1 m2 and ζψ=3deg2, respectivamente.

1st Part 

To study the problem at hand, a number of tests were carried out, where the target were set at the coordinates x(0)= -100 m, y(0)= 50 m, with initial heading ψ(0)=0 deg, with nominal velocity of 2 ms-1.

a) Study the evolution of the expected value of the state variables, namely their expected values and convariances.

 b) Simulate the target dynamics in Matlab/Simulink for 150 sec.

2nd Part – Nonlinear Observations
The target tracker to be developed will be based on measurements to be acquired from a range and bearing sensor (e.g. a RADAR). It will be installed in the coordinates xs= 10 m, ys = 0m. According with the sensor specifications, the measurements will be corrupted by white Gaussian noise, with zero mean and with variances of 10 m2 e 4 deg2, respectively. 

a) Deduce the dynamics of the Extended Kalman Filter (EKF) to be used and implement them in MATLAB/SIMULINK. Draw a block diagram of the target tracker proposed.

b) Given preliminary conditions for the experiments to be carried out, the initial conditions for the state variables of the EKF are 
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= 0 deg. For sanity check purposes, simulate the system during an interval of 150 sec, setting to zero the disturbance sources. c) Repeat the simulations, considering the disturbances present (described in the first part of the problem set). For this run, consider that the initial conditions for the state variables are 
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c) Coment on the uncertainty present on the estimated along the simulations.

3rd  Part
In reality the target will not be able to move at a known velocity. Instead, its velocity needs also to be estimated, based on the available measurements.
a) Reformulate the system dynamics to include the new quantity to estimate.
b) Repeat the simulations carried out in the previous part, considering that the initial estimate for the velocity is 1.5 ms-1, with an initial covariance of 1 m2s-2.
c) Coment on the resuts obtained.
d) Compare and discuss foth sets of results.

Nota: Due date to return the problem set: June 10th 2010.

Bom trabalho

Paulo Oliveira

IST, 26th May 2010
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