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Abstract: This paper addresses the experimental identification of a servo actuator which is 
used in many industrial applications. Because the system consisted of electrical and 
mechanical components, the behavior of the system was nonlinear. In addition, the under 
load behavior of this servo was different. The load torque was considered as the input and a 
two input-one output model was presented for this servo actuator. Special was given in 
order to present a simple and applicable model for this servo actuator. For identification of 
this servo actuator, classic and intelligent methods have been used. ARMAX model as a 
classic model and MLP and LOLIMOT networks as intelligent models were selected for 
this purpose and their results have been discussed. The comparisons between these methods 
show that the intelligent methods have a better accuracy than classical method, but they 
have more complexity in the implementation. These models can be applied as references 
for characterizing different designs and future control strategies. 
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1 Introduction1 
Models of real systems are of fundamental importance 
in all disciplines. They can be useful in system analysis, 
i.e., for gaining a better understanding of the system, 
and make it possible to predict or simulate a system's 
behavior. In engineering, models are required for 
designing new processes and for the analyzing an 
existing process. Advanced techniques for the design of 
controllers, optimization, supervision and fault detection 
are also based on the model of processes [1]. 

Actuators are one of the important parts in the 
control loop of a system [2, 3]. Servo actuators have 
many applications in industry, because of specifications 
like high accuracy and easy application [4, 5]. 

An exact plant model should produce output 
responses similar to those of the actual plant. The 
complexity of most physical plants, however, makes the 
development of an exact model infeasible. Therefore, in 
order to design controllers which are reliable and easy 
to understand, simplified plant models are obtained by 
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the linearization around operating points and/or 
reduction in model order [6, 7]. 

Mathematical models can be developed in two 
routes (or a combination of them). One route is to split 
up the system into subsystems whose properties are well 
understood from previous experience. These subsystems 
are then joined mathematically and a model of whole 
system is obtained. Another route to mathematical as 
well as graphical models is directly based on the open-
loop experimentation. Input and output signals from the 
system are recorded and subjected to data analysis in 
order to infer a model. When an open-loop experiment 
is not viable, a close-loop experiment can be done to 
obtain the plant model [1, 8]. Numerous studies have 
been reported on model identification using modern 
tools such as MATLAB System Identification Toolbox 
and LabVIEW System Identification Toolkit [9, 10]. 

Because the under load behavior of this servo was 
different, the load torque was considered as the input 
and a two input-one output model was presented for this 
actuator. Thus, inputs of this actuator were input voltage 
and load torque and its output was a voltage 
proportional to the shaft position. 

For identification of this servo actuator, classic and 
intelligent methods have been used. ARMAX model as 
a classic model and MLP and LOLIMOT networks as 
intelligent models were selected for this purpose and 
their results have been discussed. The comparison 
between simulation and experimental results showed the 
effectiveness of the propose models. These models can 
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5.1  Linear SISO Model 
In this part, a linear model is identified using 

measurement ݒ௢௨௧ and ݒ௜௡. The method used for 
identification was described in Section III. To identify a 
second order SISO linear model, a different torque was 
applied to the shaft of actuator. 

The actuator response in different operating 
conditions is depicted in Fig. 8. By increasing the 
external load to the shaft, overshoot decreased; however 
the DC gain of the system was almost fixed. 

While Real-Time Workshop was used for 
experiments and data acquisition, the identification and 
modeling procedures were performed on MATLAB. 
The models obtained in the transfer function form, are 
represented in Table 2. 
 

5.2  Linear MISO Model 
Here we use a result of pervious section to extract a 

second order MISO model, that is depend on amplitude 
of the Torque. All transfer function demonstrated in 
Table 2, can be represented with three parameters: 
DC gain ሺܭሻ 
Damping ratio ሺߦሻ 
Undamped natural frequency ሺ߱௡ሻ 
 
This parameters for each transfer function of Table 2, is 
tabulated in Table 3. It can be seen, by increasing the 
amplitude of external load to the shaft of actuator, DC 
gain is nearly fixed, ߦ was increased and ߱௡ was 
decreased. Using classical curve fitting, the 
relationships between the ߦ ,ܭ, ߱௡ and external load  ߬ 
was found to correspond to the following functions. 
 
ൌ ܭ  0.7036 
ൌ   ߦ  0.006585 ൈ ߬ ൅ 0.7668                                   (7) 
߱௡ ൌ  െ0.06738 ൈ ߬ ൅ 13.69 
 
 

 
Fig. 8 Actuator response in different torques. 
 
 

Table 2 Model of the system in different Torque. 
Torque (N.m) Transfer function  

ሻݏሺܩ 0 ൌ
0.8288ሺݏ ൅ 162.7ሻ

ଶݏ ൅ ݏ21.70 ൅ 191.5 

3 Gሺݏሻ ൌ
0.6966ሺݏ ൅ 181.4ሻ

ଶݏ ൅ ݏ20.77 ൅ 179.6 

5 Gሺݏሻ ൌ
0.6954ሺݏ ൅ 179.6ሻ

ଶݏ ൅ ݏ21.05 ൅ 177.4 

9 Gሺݏሻ ൌ
0.7596ሺݏ ൅ 157.3ሻ

ଶݏ ൅ ݏ21.38 ൅ 169.8 

11 Gሺݏሻ ൌ
0.7516ሺݏ ൅ 154.7ሻ

ଶݏ ൅ ݏ21.68 ൅ 165.3 

15 Gሺݏሻ ൌ
0.7414ሺݏ ൅ 155.8ሻ

ଶݏ ൅ ݏ22.35 ൅ 164.4

 
The transfer function ௢ܸ௨௧ ௜ܸ௡⁄  derived with standard 

transfer function model of second order system and the 
data is shown in Table 3. 

 
௢ܸ௨௧

௜ܸ௡
ൌ .ܭ

߱௡
ଶ

ܵଶ ൅ ௡ܵ߱ߦ2 ൅ ߱௡
ଶ (8) 

 
This is new representation and new transfer function 

model of the servo actuator. The coefficient in this 
model is depending on the external load. 

The model was simulated and the results were 
compared with the data obtained from experiments. The 
correspondence between the measured and calculated 
output voltage was considered for verification. 

In Fig. 9, the graphs show the experimentally 
obtained curves (in Torque = 7 N.m) with simulated 
ones. It can be seen that the results corroborate well 
with the experimental data. 
 
 
Table 3 Models of the system in different Torque. 

Torque (N.m) ࢔࣓ ࣈ ࡷ 

0 0.7040 0.7839 13.84 

3 0.7034 0.7747 13.40 

5 0.7040 0.7903 13.32 

9 0.7038 0.8204 13.03 

11 0.7035 0.8432 12.85 

15 0.7035 0.8717 12.82 
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Fig. 9 Experimental Values vs. Model Estimated Values 
 

5.3  Intelligent Modeling 
The multilayer perceptron (MLP) and Local Linear 

Model Tree (LOLIMOT) are the most widely known 
and used neural network architecture. Now, we will 
obtain the model of the system using MLP and 
LOLIMOT method. We used two neurons in hidden 
layer of network. We used Levenberg Marqurdt and 
gradient descend method for the training the MLP and 
LOLIMOT network, respectively. 

In this modeling, to estimate the output voltage of 
actuator ݒ௢௨௧ሺݐሻ, we use four signal as a input of the 
network. These signal are input voltage ݒ௜௡ሺݐሻ, 
amplitude of the tourqe τ , output voltage in two 
previous sample ݒ௢௨௧ሺݐ െ 1ሻ and ݒ௢௨௧ሺݐ െ 2ሻ. 

With applying this method to the input data, the 
network output, is represented in Fig. 10. 

Note, the model obtained using MLP method is the 
same obtained using LOLIMOT method and both 
methods predict system behaviour, as well. 
 
6. Conclusions 

A two input-one output model was developed for an 
under-load servo actuator. The load torque was 
considered as the input. The unknown parameters 
(ARMAX parameters) were identified from 
experimental data. The system was excited using pulses 
with different height and width. The proposed method 
provided a linear MISO model for the actuator servo. 
The transfer function ௢ܸ௨௧ ௜ܸ௡⁄  was derived with 
standard transfer function model of the second order 
system. In this model the DC gain was nearly fixed. 
Damping ratio ሺߦሻ and undamped natural frequency 
ሺ߱௡ሻ were linear functions of the external load to the 
shaft. 
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Fig. 10 Model estimated based on (a) MLP and (b) LOLIMOT 
networks. 
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