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8. Appendices

8.1. Logistics function for distance normalisation

A logistic sigmoid function is used to transform the distance measure d, into a match
measure m, in the interval [0,1]. The function
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uses two parameters a and b for scale and shift of the transition region. The parameters
can be estimated from the distance surface 1_)M,- for every model. See Figure 1 for an
example surface of an interest point. The values for this surface vary between interest
points and therefore benefit from normalisation. The proposed parameterisation places the
centre point of the distance surface d. at the middle of the sigmoid function with a match
measure of m, =0.5
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which defines parameter b =d,. . The gradient of the sigmoid function at this point defines
the other parameter a . The gradient should correspond to a line between the centre
distance value at match measure m, = 0.5 and the mean of all distance values d at match
measure m, = 0. This is illustrated as continuous blue line in Figure 2. The gradient of the
line is
d—d,
0.5

which will be made equal to the gradient of the sigmoid function. The gradient of the
logistics function at this point is

g= 3)
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which is made equal to the line gradient g :
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Using equation (3) and (5), the parameter a is given by
_d-d.

a
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The resulting sigmoid function is illustrated in Figure 2. This function is used to convert
distance measures D, to match measures M, during training and classification. An
example output of the match measure M, can be seen in Figure 3 showing a distinct
peak, which is of the same height for all the interest points. By using the mean of all
distance data points and therefore considering all data, a uniform drop of match measure is
generated for different interest points. The impact of outliers is limited due to the bound
output of the sigmoid function.
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Figure 1 Example average feature distance surface. The centre at position (0,0)
corresponds to the training position and has usually the lowest value. The feature distance
increases for coordinates further away from the centre.
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Figure 2 Estimated sigmoid function as dashed line. The continuous line is the gradient of
the sigmoid function defined by the centre value of the distance surface and the mean
distance of all grid points.
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Figure 3 Final match measure surface after application of the sigmoid function. A distinct
peak at the training position can be observed. This peak is set to the same value for all
interest points.
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8.2. Parameter influence

The influence of the 3D patch size is investigated. Reduced performance can be observed
when reducing the patch to § =0.8m at p=20P/m and § =0.5m at p =16P/m . Refer
to Figure 4 for quantitative analysis.
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Figure 4 Performance increases in recall and precision for increased 3D patch size of
3DHOG classifier for oncoming driving direction.

8.3. Complete performance figures for three proposed features

This section provides all performance figures of the three algorithms proposed. An
extended confusion matrix for full system performance, a confusion matrix of the classifier
and a table with overall performance figures is given in Table 1 to Table 3.
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Table 1 Performance of 3DHOG feature. Left: full system performance; middle: classifier
performance; right: cumulative figures.
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Table 2 Performance of FFT feature. Left: full system performance; middle: classifier
performance; right: cumulative figures.
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Table 3 Performance of histogram feature. Left: full system performance; middle:

classifier performance; right: cumulative figures.



