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Abstract: For learning artificial systems as well as for living systems, it is generally proven
that the learning performances improve with the experience. This paper seeks to analyze the
learning process of an artificial system: a Multi-Layer Perceptron Neural Nets (MLP-NN)
used for word recognition and dedicated for robot control. As the MLP requires references for
the spoken words, we have provided these references by means of a supervised classifier based
on minimizing the mean square error.

We are particularly interested by estimating the minimal number of trials required to

ensure the recognition of some spoken words by the MLP-NN with an acceptable predefined

error. To this purpose, we have experimentally performed the learning process of the recogni-

tion of some specific words. For each word, we have recorded the performance improvement

with respect to the number of trials enabling to draw the learning curve. The mathematical

modeling of these curves presents a bi-exponential law profile while the mathematical model-

ing of human performance show generally a power law profile. The obtained results have led

to a better understanding of the artificial system performance under the influence of internal
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and external human and technological factors.
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1. Introduction

The learning process is involved in various research domains such as neuro-
science, psychology, education, training, control of artificial systems, industry,
etc. Understanding the learning process for living systems as well as artificial
systems in a crucial issue. For living systems, this may help to reduce the
learning duration both for normal and disabled people. For artificial systems,
this may help to minimize the learning duration and to control the effects of
external and internal factors that may influence the process.

The learning process is a dynamical one. However, dynamic estimation
methods are not so often used because it may depend on many factors and the
consensus is hard to establish about when the learning has effectively occurred
[1]. For this purpose, experimental studies are adopted for analyzing the perfor-
mance of the learning process. They lead to build up the learning curves which
are obtained by drawing the performance of the learning process with respect
to the number of trials. In many cases, reinforcement can be introduced in
order to empower the learning process [1]. The form of the learning curve can
provide information about the learning process. The duration of the dynamical
zone, the abruptness of the slope, and the asymptotic rate. These elements
can provide a qualitative analysis of the phenomenon with respect to different
parameters [1,2].

For our application; we are concerned by the analysis of a supervised learn-
ing artificial system dedicated for the recognition of isolated words [3]. However,
because of the complex nature of voice signal, the speech recognition still re-
mains a hard issue. Most speech recognition systems use a learning process
to identify the correct response of a spoken command. In this context, neural
nets models can be used for estimating the output of nonlinear systems in the
case of noisy and sensitive process to various parameters. There exist different
methods for speech recognition of isolated words [4,5,6,7,8].

In our research, we aim to analyze the learning profile of a supervised MLP-
NN used for word recognition and dedicated for robot control [3]. We intend
to model the profile of the learning curve for the given spoken words. We,
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experimentally, test the evolution of the performance of the learning process by
determining the minimal number of trials to obtain the recognition of a spoken
word with an acceptable error. Some elementary results of human operator
concerning the learning process have been also initiated and compared with
our results.

2. MLP Supervised Leaning for Word Recognition

The principle used for most word recognition systems comprises two phases:
the learning phase and the recognition phase. The learning phase consists of
creating a list of words which are stored into a dictionary as reference words.
The recognition phase consists of identifying if possible a spoken unknown word
to one of the reference words.

We have used a word recognition system which has been described in [3].
The estimation of the reference words (robot commands) are obtained by a su-
pervised classifier based on the minimization of the mean square error. These
references words are stored into the dictionary and used by the MLP for com-
parison with a new pronounced word[3]. The role of the MLP classifier is to
select the most similar reference word with respect to an unknown word. The
choice is based on the calculation of the distance between the unknown word
characterized by its cepstral coefficients aij*and all the reference words aij (near-
est neighbor). Practically, the system has been tested on a dictionary of four
commands (START, STOP, UP, DOWN).

The implementation of the MLP was carried out by using the NN toolbox
of Matlab software [3]. It is composed of an input layer and an output layer
including one hidden layer in between (Figure 1). The input data of the MLP
are the MFCC which are recorded into a file in a form of a matrix named
”sepstr.mat”. The MLP uses 12*32 neurons for the input layer. The reference
word was determined from the previous learning process. A supervised training
was adopted comparing actual spoken words with those stored on the dictionary.
After the achievement of the learning process, Matlab provided automatically
the hidden layer constituted of 32 neurons. The output layer is constituted of
4 neurons which corresponds to the reference words stored on the dictionary
(START,STOP,UP,DOWN).
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Figure 1: MLP classifier

3. Experimental Results

The learning phase for the MLP was derived as follows. For each spoken word,
we use a certain number of trials (N). We store the obtained performance with
respect to the number of trials until the learning process converges towards
some limited error. The adopted performance measure mse(N) is the mean
square error of MFCC which is computed with respect to the number of trials
N as:

mse(N) = (
∑

(a∗
ij − aij)

2)/N.

For each word command, we have performed experiments to obtain the cor-
responding learning curve [3]. We present graphically an example illustrating
the learning curve concerning the word command UP (Figure 2). The experi-
mental learning curve is constituted by the blue dots while the red curve is one
of its approximation curve.

The learning curve can be defined for human operator as well as for auto-
mated learning systems. Some of our elementary results concerning the learning
process of human operator involving his/her sensory systems have been also ini-
tiated in a previous work [9] and presented in Figure 3.

It shows the decreasing rate of the learning process: time gained w.r.t the
number of trials.

4. Mathematical Modeling of Learning Curves

In general, the performance of a learning system improves with the number of
trials. However, various models of learning curves have been proposed: expo-
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Figure 2: mse(N) with the number of trials for the word UP

nential growth, exponential rise or fall to a limit, power law [10,14,15]. They
are common and practical softwares that can be used to analyze learning curves
such as Excel, Excel Om and POM.

In our experiments, we have tested various approximation functions for our
spoken words in order to obtain an appropriate model of the learning curve.
As a result, we have noticed that the most appropriate approximation is a
bi-exponential function. The experiments concerning the word command UP
show that the mse(N) decreases with the number of trials; improving therefore
the performance of the learning process (Figure 2). The bi-exponential ap-
proximation function is given by the Curve Fitting toolbox of Matlab software
as:

mse(N) = a ∗ exp(b ∗N) + c ∗ exp(d ∗N),

with the following coefficients:

a = 2.019e + 004, b = −0.0634, c = −2.019e + 004, d = −0.0634.
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Figure 3: Learning process for human recognition

More learning curves concerning other word commands with their approxima-
tion functions can be found in [3].

Similarly, some authors have also applied NN for words recognition and
analyzed the learning process with respect to some factors such as the number
of hidden layers. They have reported some learning curves: the mean square
error versus the trial number. Their results have confirmed that the global
profile of the learning curve shows a decreasing error (increasing performance)
with the trial number[11,12].

Some experimental analysis of human learning curve tested upon the hear-
ing sensory systems have also been performed by [13,14]. An example of word
recognition applied to children is reported in[13]. It concerns the short-term
word learning rate in children with normal hearing and children with hear-
ing loss. Other recent research concerning hearing loss with age based on an
experimental study leading to learning curve are presented in [14].

As a general remarks, the obtained learning curves of living and artificial
systems for word recognition are typical to each situation since it depends on the
specificity of the system and on its environment. After testing experimentally
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the MLP with some spoken robot commands (START, STOP, UP, DOWN),
we have effectively determined the minimum number of trials required by the
learning process to ensure some limited error. We have noticed that this number
depends on the structure of the spoken word itself, on the speaker characteris-
tics, on the used equipment and on the environment noise.

5. Conclusion

We presented an experimental technique to estimate the minimal number of
trials for the learning phase to ensure an acceptable performance of a supervised
neural network dedicated to word recognition used for robot commands.

We have found that the learning process tends to improve the performances
of the word recognition in a way that the error decreases as a bi-exponential
function with respect to the number of trials.

Finally, we have noticed that the success rate of the MLP and the minimal
number of trials used for the learning process depend on the structure of the
spoken word, on the used equipments, on the environment noise and on the
speaker characteristics.

Some elementary qualitative results of human operator concerning the learn-
ing process have been also initiated and compared to the world recognition
neural nets.
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