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Abstract– The present research work includes the 

development of a portable system for the identification and 

emulation of Single Input Single Output (SISO) systems, the 

identification process was carried out through the open loop 

strategy using the Strejc Method, through this method the 

identification was achieved by calculating the slope maximum 

and their respective crossings with the axes. SISO type systems 

up to order 5 were identified. For the emulation process, the 

Tustin approximation method was used, to obtain a system of 

difference equations, then the values are sent to a Digital- 

Analog converter and the transfer function up to order 5. Under 

this Hardware in-the-Loop (HIL) configuration, where it 

interacts with a control system, such as stand-alone controllers 

up to high-end controllers. Where the process controller will be 

an Industrial Controller and as an emulated component will be 

the mathematical models in continuous or discrete systems of the 

plant model. 
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Abstract– The present research work includes the development 

of a portable system for the identification and emulation of SISO 

systems, the identification process was carried out through the 

open loop strategy using the Strejc Method, through this method 

the identification was achieved by calculating the slope maximum 

and their respective crossings with the axes. SISO type systems up 

to order 5 were identified. For the emulation process, the Tustin 

approximation method was used, to obtain a system of difference 

equations, then the values are sent to a Digital-Analog converter 

and the transfer function up to order 5. Under this Hardware in-

the-Loop (HIL) configuration, where it interacts with a control 

system, such as stand-alone controllers up to high-end controllers. 

Where the process controller will be an Industrial Controller and 

as an emulated component will be the mathematical models in 

continuous or discrete systems of the plant model. 
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I.  INTRODUCTION (HEADING 1) 

Competition at the industrial level gave rise to the 

improvement and optimization of control techniques, looking 

for new strategies that help solve problems such as: processes 

with complex dynamics and variables over time, with multiple 

variables, delays, restrictions and disturbances that sometimes 

they are treated inefficiently [1]. In advance, it is known that 

control laws are essential in the industry, because today 

automation within industries is advancing more and more [2]. 

The vast amount of control research and many control 

applications that have been reported in recent years have 

focused on system control, making it widely used in various 

applications including medicine, business, energy usage and 

science [3]. Modern control engineering theory is a subfield of 

applied mathematics that is based on the use of new control 

design strategies to improve system performance and 

efficiency [4]. Determining the dynamic behavior of a given 

system involves the derivation of equations that are based on 

the mathematical relationship between the properties of the 

system. In the case of Damodaran, I use this technique to 

control a two-wheeled mobile robot and Ramírez to control a 

pneumatic servo positioning system. [5].  

To increase the competitiveness of the processes, it has 

been necessary to use techniques: methods and tools that allow 

maximizing the efficiency of the systems, developing quality 

controllers, since currently different types of tests must be 

carried out, which can generate, damages, losses and delays, 

therefore, the flexibility of the processes must be increased 

with the least adjustment of the machine, this implies knowing 

the dynamic behavior of the process [6]. The Strejc method is 

used for the identification of the multiple pole system from 

parameters obtained from the response to a step-type input [7] 

and the Tustin method is also known as bilinear transform, it 

corresponds to a tool similar to the method of Euler, but more 

precise in the estimation of the differential equations that 

model the behavior of the system [8]. The Tustin method is 

used to discretize the transfer function of continuous time 

controllers with transformations known as bilinear, that is, they 

change from the s to Z plane and vice versa [9]. 

For this reason, the present investigation has as its main 

objective the development of an portable system, which can 

carry out the identification with the Strejc method and 

subsequent emulation of a SISO system up to order 5 with the 

Tustin approximation method, this tool will allow us to 

considerably reduce the start-up times of a plant, as well as the 

reduction of times for the identification of the systems. 

 

II. METHOD 

For the identification process of SISO type systems with 

multiple poles, the Strejc method will be applied, which 

consists of a graphic method where a straight line of maximum 

slope is drawn, which will be superimposed on the slope area 

of the system. to identify, in such a way that the parameter 𝑇𝑢 

is obtained with the cut of the abscissa axis and the value of 

the parameter Ta is obtained with the cut of a parallel to the 

abscissa axis at the point where the response is stable [10] and 

for the transfer function emulation process, the Tustin 

approximation is used, which preserves the stability of the 

original transfer function, that is, if it is stable, the approximate 

one will also be stable and vice versa [11]. 

General System: 

It should be noted that there are several stages in the 

present investigation. All parts of the implemented system 

share among themselves various types of technology. In such a 
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way that the following block diagram shows the implemented 

embedded system. 

 
Fig. 1 Block diagram of the investigation 

Next, each of the stages of the research work are 

described, in each one of them they detail the principle of 

operation, stages of conditioning, processing, algorithms and 

visualization of the different signals. 

A. System identification stage  

 1) Input signal conditioning stage u(t): In this stage, the 

output signal u(t) is generated for excitation of the system or 

process to be identified. In this sense, there is a stage for 

conditioning the output signal of the acquisition card at voltage 

and current levels most used in the industry. It is possible to 

obtain the transfer function by applying an input signal known 

as the step signal and analyzing the type of curve of the output 

signal [12]. The plant can be excited, in order to obtain the 

characteristic curve of the system to be identified. Next, Figure 

2 shows the block diagram of the stage in question. 

 Fig. 2 Block diagram of the identification system 

 

This stage also consists of an electronic circuit which 

performs the function of voltage follower and conditioner, a 

signal conditioner allows amplifying a voltage or current at the 

established levels of 0-10v or 4-20mA [13]. These signals 

usually represent physical magnitudes of the process, such as 

pressure, temperature, speed, level, etc. [14]. 

For the current u(t) signal, we have the following 

electronic design (see figure 3). 

 
Fig. 3 Current u(t) conditioning circuit (4-20mA) 

For the u(t) signal in voltage (see figure 4). 

 
Fig. 4 Conditioning circuit of u(t) in voltage (0-10V) 

2) Conditioning stage of the output signal of the original 

system: After the excitation stage of the system, this output 

must be sensed in terms of voltage or current level depending 

on the type of variable. Once the signal was captured at the 

levels indicated above, an electronic conditioning circuit was 

designed, with the intention that this signal can be digitized by 

the data acquisition card, since the Raspberry PI requires that 

its programming be discrete, we use the equation (1) that 

presents the bilinear transformation by the Tustin method [15], 

which is based on replacing all the terms s of the continuous 

transfer function with the expression of Equation (1), where T 

is the period of sampling [16]: 
1

1

2 1

1

z
s

T z






 


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For the output signal of the current process (See figure 5). 

 
Fig. 5 Output conditioning circuit (4-20mA) to voltage 

3) Data acquisition stage: Apart from having a low cost, 

this board has several analog and digital inputs and outputs as 

shown in the figure and also has a 32-bit counter. It generally 
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works as a system that digitizes input analog signals so that a 

computer can interpret them [17]. 

 
Fig. 6 OEM 1208FS USB DAQ Data Acquisition Card 

4) Single Stage Board Computer (Raspberry Pi 4 4GB): 

The Raspberry Pi 4 is adopted in this work as the smart device 

with Raspbian open source operating systems. The written 

program is done using Python, with other Python libraries 

[18]. 

 
Fig. 7 Raspberry Pi 4 Model B+ 4GB 

Below is the block diagram of the configuration and 

installation of the operating system, applications and updates 

of the single board computer. 

 
Fig. 8 Block diagram of configuration, library installation and updates 

5) Variable Identification Algorithm: In order to carry out 

the calculation and show the graphs of the desired results, the 

following sequence of steps shown in figure x was carried out, 

starting with the libraries usb_1208FS, scipy, numpy simpy 

and math to carry out the calculation of the vectors and all the 

mathematical part and matplotlib to visualize the identification 

system where the graphs and the identification results are 

shown, all programmed with the identification algorithm made 

in Python. 

 
Fig. 9 Block Diagram of the Identification Algorithm 

B. System emulation stage 

1) Input signal conditioning stage u(t): It was considered 

that in order to obtain the response of the system, it must be 

excited with an input signal u(t), in this case it would be the 

signal of an industrial controller. In this sense, through the 

design of an electronic card, said signal is adapted to be 

captured by the data acquisition card, in order to excite the 

emulated transfer function and generate the output y(t). 

2) Algorithm of the conditioning stage of the output signal 

y(t): Once the data (numerator and denominator coefficients) 

of the system to be emulated have been correctly entered or the 

plant identification process concluded successfully, everything 

is ready for the emulation process. Once the signal u(t) is 

generated by the controller and is read by the data acquisition 

card through a signal conditioning stage, the system generates 

an output signal at voltage or current levels depending on the 

type of process. To emulate the entire process, the sampling 

time is also entered, as well as the end time of the emulation, 

below is the block diagram of the emulation algorithm. 

 
Fig. 10 Emulation algorithm block diagram 

Touch screen 12.3'' HDMI 

The Raspberry Pi 4 presents the graphics of the system 

identification, emulation. Likewise, it will present various 

buttons and input commands for setting up and configuring the 

equipment's functionalities. All of this will be shown on a 

12.3”-inch screen with touch features for ease of use by the 

user. 
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Fig. 11 Industrial Touch-Panel 

 

III. RESULTS 

Development of the identification algorithm of a SISO 

system up to Order 5, using open source software tools, the 

metrics for validation are as follows. 

A. Development of Identification Algorithms 

1) Order 1: Using the Matlab tool, the file 

primerOrden3ms.txt was generated, which has a sampling rate 

of 3ms and a total of 10,000 samples. The model elaborated by 

Matlab was the following 

 
Fig. 12 Response to Step Order 1 

 
Fig. 13 Identified System of Order 1 

  

 With the results obtained after the identification process 

of an Order 1 system, a very small mean square error is shown 

in the results obtained. 

 2) Order 2: Using the Matlab tool, the file 

segundoOrden3ms.txt was generated, which has a sampling 

rate of 3ms and a total of 10,000 samples. The model 

developed by Matlab was the following. 

 
Fig. 14 Response to Step Order 2 

 
Fig. 15 Identified System of Order 2 

 With the results obtained after the identification process 

of an Order 2 system, a very small mean square error is shown 

in the results obtained. 

 3) Order 3: Using the Matlab tool, the file 

tercerOrden3ms.txt was generated, which has a sampling rate 

of 3ms and a total of 10,000 samples. The model developed by 

Matlab was the following. 

 
Fig. 16 Response to Step Order 3 
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Fig. 17 Identified System of Order 3 

 With the results obtained after the identification process 

of an Order 3 system, a very small mean square error is shown 

in the results obtained. 

 4) Order 4: The following results were obtained. 

 
Fig. 18 Order System 4 Identified 

 With the results obtained after the identification process, it 

shows us that it is Order 2, but at the same time it shows a very 

small mean square error. 

 5) Order 5: The following results were obtained. 

 
Fig. 19 Order System 5 Identified 

B. Implement the algorithms in the embedded system 

 Models of order 1,2,3, 4 and 5 were entered one by one to 

the Embedded System, which every 10ms sends the data 

through an analog output to emulate the transfer function and 

is later observed on the oscilloscope. 

1) Order 1: 

 
Fig. 20 Order System 1 emulated by the user 

With the results obtained after the emulation process, a 

very small mean square error is shown. 

2) Order 2: 

 
Fig. 21 Order System 2 emulated by the user 

With the results obtained after the emulation process, a very 

small mean square error is shown. 

3) Order 3: 

 
Fig. 22 Order System 3 emulated by the user 
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With the results obtained after the emulation process, a very 

small mean square error is shown. 

4) Order 4: 

 
Fig. 23 Order System 4 emulated by the user 

With the results obtained after the emulation process, a very 

small mean square error is shown. 

5) Order 5: 

 
Fig. 24 Order System 5 emulated by the user 

With the results obtained after the emulation process, a very 

small mean square error is shown. 

 

III. CONCLUSIONS 

For the development of the emulation algorithm of a SISO 

system up to Order 5 and making use of open source software 

tools, an approximation algorithm was implemented using the 

Tustin method, which showed a very low mean square error at 

the time of the emulation of a process. In the validation tests 

between the system emulated by Matlab and the one developed 

by our research, they also show very small error values. 

A digital filter was implemented for the vector of samples 

of the system to be identified, where the identification of the 

system with a very low mean square error was demonstrated. 

When making the identification, not only the order of the 

system must be evaluated, but also the level of similarity of the 

system to be identified. This is achieved by using the mean 

square error. Where in all cases of obtains very small values. 

When the Tustin algorithm was implemented in the embedded 

system, there were no problems with the emulated signal, its 

mean square error is very low. For the emulation process, it 

was verified that there is no need to do any additional 

treatment, the information was only sent through the analog 

output of the acquisition card. 

 

III. RECOMENDATIONS 

It is recommended for future investigations to have a 

sampling time of up to 1ms, with the intention of being able to 

emulate systems or processes with faster reaction response 

times. 

It is recommended for the identification process to have a 

greater variety of digital filters with the intention of making a 

better treatment of the signal. For environments with a lot of 

electrical noise, the use of very low noise sources, or the use of 

batteries for identification power. 
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