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A COMPARATIVE STUDY OF A REAL SYSTEM IDENTIFICATION

PISAN, R[adim] & GAZDOS, F[rantisek]

Abstract: This article compares two methods of identification of
a real system. The first one is the classical Least squares
method and the second one is a Neural network approach that
uses the feedforward network with tree layers. The LevenbergMarquardt was chosen as the learning algorithm. Laboratory
equipment Amira DR300 was selected for the verification of
both methods. It is a servo-mechanism which consists of a
permanently excited DC-motor and a tacho-generator with the
incremental encoder as a sensor of the output signal
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1. INTRODUCTION
Identification is a process where the measured input and
output data of an unknown system is at our disposal and we
want to describe behavior of this system mathematically. It is
possible to use the classical methods of identification, e.g. the
least squares method (Ljung, 1999) or we can use a neural
network as artificial intelligence (Dreyfus, 2005). The network
is composed of an input layer, hidden layers and an output
layer. The input terminal is represented by the input data set. A
simple neuron is composed of a transfer function, for instance,
the linear function, the log-sigmoid, the tan-sigmoid and of the
sum of multiples of corresponding inputs and their weights. The
network has two cycles. The first one is called forward where
the input data are recalculated over all layers and the output is
also calculated. This value is compared with the measured
output of the identified system and the error is determined
(Norgaard et al., 2000). Then the value is propagated back over
the whole network and the weights are updated. This process is
called learning of the network. Several learning algorithms
were developed during last decades, e.g. the Backpropagation,
the Levenberg-Marquardt (Hagan & Menhaj, 1994), etc. In this
paper, experimental identification of a real system was
performed by two different approaches – using the Least
Squares Method (LSM) and by means of a Neural Network
(NN). Achieved results is further compared and discussed.

Fig. 1. The static characteristic of the Amira system DR 300
measured. Step responses were applied to the system and the
output signal was obtained in the steady state.

3. APPLIED NEURAL NETWORK
The feedforward network presented in Fig. 2 was chosen for the
experiment. This network has one hidden layer, one input layer
and one output layer. The input layer has four terminals, the
hidden layer is constituted of 4 neurons and output layer forms
one neuron. The transfer function in the hidden layer is the logsigmoid and a linear function is in the output. The random
signal was used for the training data set. This signal was given
to the input of the Amira system and the response was obtained.
Further, the off-line learning method with the MarquardtLevenberg algorithm was used. This algorithm is based on the
Gauss-Newton method. Fig. 3 shows structure of the training
process. Here, the blocks z-1 and z-2 denote one and two-step
delays respectively. The learning parameters were following:

2. AMIRA SYSTEM DR300
The identified system is represented by a permanently
exited DC-motor of which the input signal (armature current) is
provided by a current control loop. Its servo amplifier allows
the 4-quadrant mode. Sensors for the output signal (revolutions)
are represented by a tacho-generator and an incremental
encoder. The free end of the motor shaft is coupled fixedly to
the shaft of a second, identical motor. This motor is used as a
generator. Its output current is freely adjustable (***). The
range of the input signal is from -0.25 to 0.25 Matlab Unit
(MU) and the output is measured from -1 to 1. The device has
also area of lower and upper saturation. Static characteristic of
the system is presented in the Fig. 1. where one quadrant was
measured only once, i.e., only positive revolutions were

Fig. 2. Structure of the Neural network
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Fig. 3. Learning Neural network

Fig. 4. Comparison of the identification results

2500 epochs, minimal global error: 1e-7 and a number of data
set: 48685.

where N is a total number of samples, or is n-th real output and
oa is n-th Neural network or Least squares output.
The figure above (Fig. 4) shows step responses of the
Neural network model, Least squares model and of the real
Amira system. The resultant deviation between the NN model
and Amira system was evaluated as 3.4x10-3 whereas the
deviation between the LSM and Amira was calculated as
9.2*10-4. The results, therefore, demonstrate that the LSM
approximate is in this case better then the obtained NN model.

4. THE LEAST SQUARES METHOD
The classical least squares method was chosen as the
second algorithm for the system identification. First, structure
of the model was chosen as a discrete transfer function:
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Hence, it is a 2nd order system with unknown parameters b1,
b0, a1, a0. These parameters were further calculated as:

  [T (k )(k )]1 T (k ) y(k )

(2)


where (k ) is a data matrix, y(k) is a vector of output and 
is a vector of these unknown parameters estimates.
For determination of the parameters estimates we have to
select a working point and then measure input/output data
around this point and use the formula (2).

5. COMPARISON OF THE RESULTS
A working point located in the center of the static
characteristic was chosen as the system behaviour is linear in
this area. The random input signal was applied near this point.
Because the system has static characteristic with saturation, we
had to adjust the data for the LSM algorithm. The value of
lower saturation was subtracted from the input data and the
resultant transfer function (1) was determined using (2) as:
G( z ) 
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(3)

For comparison we have to measure test data. Two step
responses of the obtained model (3) were recorded for this
purpose. The same input data were applied to the input terminal
of the neural network and the response was calculated. Further,
a real response of the Amira system was also measured.
Obtained data were compared using this formula:
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6. CONCLUSION
The aim of this article was to compare two identification
approaches for the real device Amira DR300. The Neural
network and the Least squares method were the competitors.
Firstly, the static characteristic was measured. This has upper
and lower saturation which is a problem for the LSM as the
input data has to be adjusted. The neural network does not face
this problem and it can approximate the system in the whole
range. In this case a small, linear part of the static characteristic
was chosen and step responses were measured for the
comparison. The results show, overall, that the LSM has
smaller deviation from the real system behaviour then the NN.
However, the advantage of Neural networks is in its capability
to describe a considerable non-linearities, e.g. saturation. The
main disadvantage is in determination of a suitable training set
and its number together with an appropriate sample time.
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