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Abstract: It is difficult to describe in an analytical way all dynamical relationships 
of the ground and a robot or a human. Unexpected environmental changes
complicate a safe walking.Therefore it is obvious to develop a method what allows 
the evaluation of acoustic emissions depending on acting forces in the past and 
consecutive steps during walking. The analytical evaluation of the relationship
between robot body and the environmental reactions and a subjective interpretation 
delivers bad or good steps of these anticipations. That knowledge can be “leaved”
for further explorations. The fusion of our data and evaluation of these 
relationships were done by our Support Vector Machine (SVM) a fast statistical
classifier. The recognizable relationships between the empirical information and 
that of the SVM can help to generate safe movements. 

1 Introduction 

Interdisciplinary investigations in biology in soil physics in acoustics and experiments 
with different material clarify that anticipation of sound waves from surface can support 
a safe walking. „Audiogenic Stepping” reported in [1, 2] is a benefit for generation of 
adequate motions. We have studied significant acoustic emissions for different material 
of present step and the preceding steps. It is impossible to classify all materials of ground
and to react sufficiently. Therefore we model “Audiogenic Stepping” as a technical 
approach.

Section 2 gives an overview about the sensor concept the information flow and visualize 
the relationship of emitted sound and the acting forces. Section 3 offers our approach by
SVM how to classify the incoming signals generated by the interaction of robot and 
surface ground.  Experiments will be present and evaluate in section 4. In section 5 we
will conclude and looking forward. 
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2 Sensor Actor Concept 

Currently we are working on a low level regarding sensor readings and pre processing.
As a technical platform we use standard PC104, CAN bus and Microcontroller 
environment like C167. We can point out the relations and information flow between
robot components, forces, and environment with the emitted waves from ground during 
walking. 

The Observations reported in [3] depict different sonograms and their belonging forces. 
It is not possible to classify all the types of soil or ground by acoustic emissions only and 
to answer the question if the new step is a save one against the last one. Therefore we
will inspect the acting forces, the soil dynamic and the corresponding sound emitted each 
point of time. 

3 Evaluation of sensed Data by SVM

To get all the important information from the noise or sound we do a feature extraction 
as commonly used in speech recognition [4] and by this get a feature vector for each 
time frame. To these feature vectors from the noise we add dimensions which contain 
information of the force resulting in a feature vector x. We want to do supervised
learning and hence need for each feature vector x a discrete label describing the class c it
belongs to. The classes may be defined as several dangerous and not dangerous
situations. Support Vector Machines (SVM) were first introduced by Vapnik and 
developed from the theory of structural risk minimization (SRM) [5]. The main idea of 
this binary classifier is to find a separating hyperplane that have the largest distance to 
the closest negative and positive training examples. In the further steps we use data 
generated by experiments online and processed offline. We use SVMs [5,6] with 
probabilistic outputs [7] to get the probability p(c|x) that a feature vector x belongs to a
class c. The smaller amount of data as required in Neural Networks (NN) play also an 
important role.

3.1 Estimation of Probabilities from the SVM Output 

As we can see in related papers the output of a SVM is a distance measure between a test
pattern and the decision boundary. Because of the fact that we want an estimation of how 
dangerous the next step of the robot might be, we need a probability of the resulting 
class decision. But there is no clear relationship between the distance measure and the 
posterior class probability )|1p(y x  that the pattern x belongs to the class . A
possible estimate for this probability can be obtained [7] by modelling the distributions 

and of the SVM output using Gaussians of equal variance 
and then compute the probability of the class given the output by using Bayes' rule. This
yields to
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The parameters of Eq.(1) are fit [7] using maximum likelihood estimation from a second 
training set with ) t,(p ii B)A,),f(g(p ii x and with the target probabilities 

.1)1/2(yt ii

 The parameters A and B are found by minimizing the cross entropy error function 

i
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using the algorithm of Platt [7] which is based on the Levenberg-Marquardt algorithm.

4 Experiment and evaluation of acoustic information  

To get all the important information from this sound we do a short-time Fast Fourier 
Transformation (SFFT) as commonly used in speech recognition. To these feature 
vectors from the sound we add dimensions which contain information of the force
resulting in a feature vector x. We want to do supervised learning and hence need for 
each feature vector x a discrete label describing the class y it belongs to. The class labels 
were done by hand and the different classes of sound were divided into five levels of
danger. We investigate in our experimental environment relations between acting forces, 
emitted sound waves and subjective anticipation. We collect stepwise datasets of force 
and sound on wood and other materials with one leg of our robot mounted on a
breadboard construction. The foot contains the microphone (Type Sennheiser KD97-12) 
to collect the signals and transforms the acoustic waves into electrical waves. These
digitalized electrical waves by a sound card with a sample frequency of 44,1 kHz. This
sample frequency will transfer the high quality recorded information of the microphone 
(33Hz .. 9KHz [8]) 

 4.2 Data evaluation 

We can observe 4 steps on plywood (Fig. 3 to 4). The step which is considered in fig. 3 
at fist ((btw: practically it is the second)) is very short and fast hit on the wooden surface. 
There are not that much changes in the vertical force Z but we considered it as a good 
step because of the high energy of the sound. The human interpretation says the even the 
energy of the sound the better and safer the steps will be. If it is sure that the step
happened and finished, here comes the point which will force us to take the frequency in 
our consideration. Our evaluation should be also depend on the value of the frequency,
clarified by different experiments when the break happens the frequency and the energy 
will be much higher than the normal steps.  If we are just testing the normal steps, most 
likely the evaluation will be depending more on the energy of the sound and may be also 
depending on the force. For the material wood we find independent form the thickness in 
normal steps typical frequencies, whereby the band-with differs depending on the acting 
force. We have to compare the last step with the actual step regarding the energy (db) 
which is coupled on the investigated frequency area. So we are able to anticipate timely
in the actual step a important deviation from these frequency band-with (crack). 
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Figure 3 forces Figure 4 sound

Step Energy Frequency 
Hz

(Force_Z) 
– median) 

Evalution 
Number 

Real result 

0 8.*10^-6 37.2 1 0 Nothing, swinging leg 
2 0.4241 52 116 1 Very short fast step
1 0.1855 43 413 2 Long normal step
3 1.6772 128 402 3 Cracking wood
4 3.4121 147 375 4 Break through
Table 1: human evaluation of measured parameters 

4.3 Evaluation of our classification method 

In our classification experiments we could only use a small number of records and so the results 
are very preliminary. After training of the SVM and estimation of the parameter A and B of the
probability-output of Eq. (1) we test the method by applying some feature vectors x to the SVM 
and calculating the posterior probability p(“danger”|x), and comparing these probabilities with the 
previously known five levels of danger (0…4, 0 meaning no danger) belonging to these 
featurevectors. The results are shown for one example of each level in Table 1. Table 2 show the 
classification results for one example of different levels of danger of recorded wood data 

Level of danger of x Posterior probability p(“danger”|x)
0 0.08 
1 0.16 
2 0.40 
3 0.83 
4 0.94 
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5 Conclusion and future works 

It is hard to describe in an analytical way all dynamically relationships of the ground and 
a robot or a human. Like “Audiogenic Stepping” the relationship between past robot
body and the environmental reactions and the subjective interpretations can be learned 
here by our SVM and support further anticipations for good steps or bad steps. In our 
classification experiments we could only use a small number of records and so the
results are preliminary but hopeful. In this paper we stress the role of recognition which 
is important for a correct response. Never the less we will elucidate the role of real time
because of the efficiency of this response. Therefore we will manage the computational 
power to handle the lot of tasks by TAFT (Time Aware Fault Tolerant) scheduling [9].
The process of technical recognition with SVM offers at a first glance no chance to work 
in any-time [10]. Nevertheless we believe there is an option to modify the algorithm of 
the SVM to this ability. We hope to start, stop and continue tasks any time initated by 
sensors and actuators depending on the importance of the actual exploration task.
Therefore we have to collect and to compute more data online in future. 
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