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Abstract 

System identification is one of the main challenges in real time control. To design the 

best controller for linear or nonlinear systems, mathematical modeling is the main 

challenge. To solve this challenge conventional and intelligent identification are 

recommended. The second important challenge in the field of control theory is, design 

high-performance controller. To improve the performance of controller, two factors are 

very important: 1) high performance mathematical or intelligent modeling, 2) chose the 

best controller for the system. This paper has two main objectives: after data collection 

from position motor from industry the first objective is modeling and system identification 

based on Auto-Regressive with eXternal model input (ARX) and defined Z-function and S-

function and the second objective is; design the high-performance controller to have the 

minimum rise time and error.   
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1. System Modeling 

Motors are very important instruments in any industries. The applications of motors 

are wide such as, pumping fluids, compressors, and position movement.  Servos motor 

and stepper motors are two important motors for position control. To detect the position 

servo motors are used. In this types of motors, two parameters can control angular 

position and velocity. In this type of motor, the output’s position is controlled by the 

potentiometer. This potentiometer is used to detect the required voltage and send to 

motor’s output to select the desired position with the minimum error [1-5]. 

To modeling this system the sample frequency is 10 ms. The data collection extract 

from real motor. Figure 1 shows the position, velocity and input data collection by 1001 

sampled. 
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Figure 1. Position, Velocity and Input of Motor Data Collection 

 

To modeling the position system based on ARX theory, the general input-output form is: 
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The most used model structure is the simple linear difference equation: 
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which relates the current output y(t) to a finite number of past outputs y(t-k)and inputs u(t-

k). To  ARX modeling  we have: 
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To ARX modeling three factors are important: inputs, noise and output. Assuming the 

signals are related by a linear system, the relationship can be written 
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where q is the shift operator and  G(q).U(t) is short for: 

 

 ( ) ( )  ∑ ( )  (   ) (6) 

 

and 

 

 ( )  ∑ ( )        ( )   (   ) (7) 

 

There are two problems concerning to system identification modeling 1) highly nonlinear 

system and 2) the techniques of parameter identification. The parameters of the ARX 

model structure is: 

 ( ) ( )   ( )  ( )    ( ) (8) 

The order in ARX modeling is: 

   ,        - (9) 

Where    is output order in ARX,    is input order in ARX and    is delay order. 

In this system if    ,     - the system identification is as Figure 2. 

 

Figure 2. Fitting Test Compare between ARX Identification and Output, 
99.83% Fitting Test 

Figure 3 shows the error between real system and system identification. 
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Figure 3. Error Test Compare between ARX Identification and Real System 

Regarding to Figure 2, the Discrete-time IDPOLY model is: 

 ( ) ( )     ( ) ( )     ( )            
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         (        )                                                                     
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Based on the system identification the loss function is            and final predictive 

error is              The continuous time IDPOLY model is: 

 ( ) ( )     ( ) ( )     ( ) ( ) 

 ( )                                              
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The Z-transform of this system is: 

 ( )  
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The S-transform of this system is: 

 ( )  
(             )

             
 

Regarding to above Z-transform and S-transform, we can find the mathematical function 

to design controller.  

 

2. Desihn Model-free Nonlinear Controller  

The second challenge in this research is design a controller for highly nonlinear plant.  

The main idea to design this type of nonlinear model-free controller is based on the 

following formulation;  
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A time-varying  (   ) in the state space    is given by the following formulation: 

 (   )  (
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The  (   ) can be defined as Proportional-Derivative (PD), Proportional-Integral (PI) and 

the Proportional-Integral-Derivative (PID). The following formulations represented the 

three groups are [6-7]: 
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According to above formulation the formulation of controller is: 

      ( ⃗⃗   )     ( )   (16) 

and 
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Discontinues part is used to design suitable tracking performance based on very fast 

switching. This part of the controller is work based on the linear type methodology; 

therefore it can be PD, PI, and PID. Fast switching or discontinuous part have the 

essential role to achieve to good trajectory following, but it is caused system instability 

and chattering phenomenon. Chattering phenomenon is one of the main challenges in this 

controller and it can cause some important mechanical problems such as saturation and 

heats. Figure 4 shows the chattering phenomenon [8-9]. 

 
Figure 4 . Chattering Phenomenon  

 

To reduce the chattering linear boundary layer method is introduced. The saturation 

(linear) method with small neighborhood of the switching surface is calculated as  

  ( )  *  | ( )|   +       (21) 

where   is the boundary layer thickness. The controller formulation is written by: 

 

   ( ⃗⃗   )     .  ⁄ /   
(22) 

 

While saturation function formulation (   .  ⁄ / ) is as follows  
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                   .  ⁄    /

 
 ⁄         (     ⁄   )

   

(23) 

 

However, this method can reduce or eliminate the chattering but it has three new 

challenges: increase the error, increase the rise time and reduce the stability and 

robustness. To reduce the chattering in presence of switching functions; the linear 
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controller is added to discontinuous part of sliding mode controller. The linear controller 

is the type of stable controller as well as conventional sliding mode controller. In 

proposed methodology PD, PI or PID linear controller is used in parallel with the 

discontinuous part to reduce the role of sliding surface slope as the main coefficient. The 

formulation of new method control technique is: 
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In rise time point of view (Figure 1), our system (motor) has about 9 seconds rise time. 

Therefore, one of the main objectives to design controller for our system is, reduce the 

rise time. To test it, nonlinear model free switching controller, nonlinear model free 

saturation controller and new methodology are compared. Figure 5 shows the trajectory 

following in these three types of controllers. 
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Figure 5. Trajectory Following: Nonlinear Model Free sgn Controller, 

Nonlinear Model Free Sat Controller, New Methodology 

Regarding Figure 5, the rise time in these three types’ controllers is reduced from 9 

seconds to less than two seconds. In oscillation point of view, the nonlinear model free 

switching controller has oscillation in comparison to nonlinear model free saturation 

controller and new methodology controller. In error point of view, nonlinear model free 

saturation controller’s error is about 0.02, but new methodology controller’s error is about 

near to the zero. 

Figure 6 shows the S-factors. To have the best response in these types of controllers S-

factor is one of the main factors. Zero is the best value for S and the rate of s-factor in 

new methodology controller is better than the nonlinear model free saturation controller. 
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Figure 6. S-Factors: Nonlinear Model Free sgn Controller, Nonlinear Model 

Free Sat Controller, New Methodology 

To robust and stability checking, controllers are tested under uncertainty conditions. In 

these situations, band-limited white noise is applied to these types of controllers. In open-

loop systems in presence of uncertainty, the rise-time increase from about 9 seconds to 

about 34 seconds. Regarding Figure 7, the rate of rising time is increased about 400% in 

open loop system in presence of uncertainty. In this state, the role of controllers is 

improved the rise time as well as reduces the oscillations and errors.  According to Figure 

7, nonlinear model-free with saturation controller has moderate fluctuations. In this 

situation, the rate of oscillation in the nonlinear model free switching controller is about 

the same as certain condition and it has oscillation. Based on Figure 7, new 

methodology’s fluctuations is about zero. 
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Figure 7. Disturbance Rejection: Nonlinear Model Free sgn Controller, 

Nonlinear Model Free Sat Controller, New Methodology 

3. Conclusion  

This research has two main objectives: system identification and control. In the first 

part of this research paper, the ARX system identification is used system identification 

and modeling. We modeling this system with 99.83% fit and find second order laplas 

function. The rise-time in this system in the certain condition is about 9 seconds and in 

uncertainty is about 34 seconds. To improve the response of this system three types of the 

controller is applied: nonlinear model free switching controller, nonlinear model free 

saturation controller and new method controller. According to above discussion, the 

nonlinear model free switching function is stable and robust but it has oscillation which 

caused to challenge in our system (motor). To improve nonlinear model free switching 

controller, nonlinear model free saturation controller is introduced. However, this 

controller eliminates the oscillation and improves the rise-time in certain and uncertain 

condition but it has two important negative points: increase the error and reduce the 

stability and robustness. To improve these challenges new method is used in this research. 

After applied this controller to our identify system, the oscillation in certain and uncertain 

condition is eliminated, the rise-time is reduced from 9 seconds to about 1 seconds in 

certain and 34 seconds to 1.2 seconds in uncertain condition, the error is reduced compare 

to nonlinear model free saturation controller, improve the stability and robustness 
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compare with nonlinear model free saturation controller. Regarding above discussion for 

identification, ARX methodology and for control, the high speed robust nonlinear model-

free controller is recommended. 
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