Exercise 4 Solution to Feature Extraction and Uncertainty Propagation

The Segmentation problem

The idea to solve this specific segmentation problem is to identify peaks in the difference between neighboring
elements. A vector of length n-1 is obtained using diff(y_vec). Looping over the difference vector and
comparing the differences with a (manually chosen) threshold gives the indices corresponding to the end of a
line.

For the implementation refer to line 29-36 in the code section at the end of this document.

Fitting the Line Model

The matrix X is of size n x 2. It can be created using the vector of indices il vec, X = [x_vec(il_vec),
ones(nl, 1)]. The matrix Y is of size n x 1, where n indicates the number of elements of each line. It is
obtained by Y = y_vec(il_vec). The command ones(y,x) creates a matrix of y x x elements of ones. The
implementation of the pseudoinverse is straightforward as shown on lines 48-57.

The variance of each point is a measure of the noise. Thus we can use the inverse of the variance as a weight for
each point. The variance can be created using the command diag(v) which creates a diagonal matrix with the
vector’s elements on the diagonal.

For the implementation see line 64-70.

Uncertainty Propagation
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General Questions

The lines w1 and ws have a positive slope. The line wa has a negative slope. With the intercepts we can identify
which ellipse 2 belongs to which line 1. The upper ellipse belongs to line ws, the lower to w;. The ellipse on the
right side corresponds to line w3. The larger an ellipse is the more uncertain is its position. The size of the ellipse
depends mainly on the number of measures and their variance in the weighted case (see matrix Cy). The lines
w1, w3 comprise together as much measures (49 and 54) as line wy (92). The w; and w3 have approximately
the same number of points, but the variance of the points in ws is bigger, which explains the size of the ellipse.
The ellipse ws is nearly as small as wy . Here the bigger variance of the points is compensated by the number of
measures.

Even though we are taking into account the uncertainty of the sensor (variance for the measures in y), we assume
that the robot's position is perfectly known. Due to slippage and sensor uncertainty this is hardly true. For a more
realistic model the uncertainty in z should be modeled as well.

The line model y = mx + ¢ using slope and intercept is quite familiar, which is advantageous. Its drawback is the
singularity for vertical lines. Another model is based on polar coordinates r = Rcos(¢ — a), with R the minimal
distance of the line to the origin and a the corresponding angle. Here the singularity is avoided yielding a more
general representation.



5 Results

Robot Space (ground truth versus unweighted and weighted)
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Figure 1: Robot space: ground truth vs unweighted and weighted.

Model Space (ground truth versus measurement)
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Figure 2: Ground truth vs measurement.






